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Abstract

Background: Alcohol andillicit drug useis more prevalent among men who have sex with men (MSM) compared to the general
population and has been linked to HIV transmission in this population. Research assessing individual patterns of substance use
often utilizes questionnaires or interviews that rely on retrospective self-reported information, which can be subject to recall bias.
Ecological momentary assessment (EMA) isaset of methods devel oped to mitigate recall bias by collecting data about subjects’
mental states and behaviors on a near real-time basis. EMA remains underutilized in substance use and HIV research.

Objective: To assess the concordance between daily reports of substance use collected by EMA text messages (short message
service, SMS) and retrospective questionnaires and identify predictors of daily concordance in a sample of MSM.

Methods: We conducted a secondary analysis of EMA text responses (regarding behavior on the previous day) and audio
computer-assisted self-interview (ACASI) survey data (14-day recall) from June 2013 to September 2014 as part of arandomized
controlled trial assessing a pharmacologic intervention to reduce methamphetamine and alcohol use anong hondependent M SM
in San Francisco, California. Reports of daily methamphetamine use, acohol use, and binge alcohol use (5 or more drinks on
one occasion) were collected viaEMA and ACASI and compared using McNemar’stests. Demographic and behavioral correlates
of daily concordance between EMA and ACA S| were assessed for each substance, using separate multivariablelogistic regression
models, fit with generalized estimating equations.

Results: Among 30 MSM, atotal of 994 days were included in the analysis for methamphetamine use, 987 for acohol use, and
981 for binge alcohol use. Methamphetamine (EMA 20%, ACASI 11%, P<.001) and alcohol use (EMA 40%, ACASI 35%,
P=.001) were reported significantly more frequently via EMA versus ACASI. In multivariable analysis, text reporting of
methamphetamine (adjusted odds ratio 0.06, 95% CI 0.04-0.10), alcohol (0.48, 0.33-0.69), and binge alcohol use (0.27, 0.17-0.42)
was negatively associated with daily concordance in the reporting of each respective substance. Compared to white participants,
African American participants were less likely to have daily concordance in methamphetamine (0.15, 0.05-0.43) and alcohol
(0.2, 0.05-0.54) reporting, and other participants of color (ie, Asian, Hispanic, multi-racial) were less likely to have daily
concordance in methamphetamine reporting (0.34, 0.12-1.00). College graduates were more likely to have daily concordancein
methamphetamine reporting (6.79, 1.84-25.04) compared to those with no college experience.

Conclusions: We found that methamphetamine and alcohol use were reported more frequently with daily EMA texts compared
to retrospective ACASI, concordance varied among different racial/ethnic subgroups and education levels, and reported substance
use by EMA text was associated with lower daily concordance with retrospective ACASI. These findings suggest that EMA
methods may provide more complete reporting of frequent, discrete behaviors such as substance use.
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Introduction

Use of alcohol and illicit drugs (ie, substance use) is a major
contributor to the global burden of disease [1,2] and is more
prevalent among men who have sex with men (MSM) than
among the general population [3,4]. In 22011 national sample
of MSM across 20 US cities, 85% reported drinking alcohol
and 50% reported binge drinking (having 5 or more alcoholic
beverages on a single occasion) in the past 30 days and 49%
reported using noninjection drugs in the past 12 months [3].
Heavy acohol use and the use of noninjection drugs, particularly
methamphetamine, have been linked to the transmission and
acquisition of HIV among MSM, who continue to be more
affected by HIV than any other demographic group in the United
States [5]. Understanding alcohol and substance use behaviors
among MSM at high risk for HIV is essential for effectively
informing efforts to reduce HIV transmission and improve
overal health in this population.

Research assessing individual patterns and the frequency of
alcohol and substance use often utilizes questionnaires or
interviews that rely on retrospective self-reported information.
A major limitation of these methodsisthat information recalled
from memory is prone to distortion, which can affect the
reliability of collected data [6,7]. Ecological momentary
assessment (EMA) is a set of methods developed to mitigate
recall bias by collecting data about subjects’ mental states and
behaviorson anear real-timebasis[7,8]. EMA methodsinvolve
repeated assessments within subjects’ natural environmentsand
routines and vary widely in design [9]. Studies using EMA
methods, for example, may combine participant-initiated data
reporting with randomly administered assessments throughout
the day, or administer assessments at regular intervalsto achieve
abbreviated recall windows ranging from hoursto an entire day
[9-13]. Moreover, these methods can employ written or
electronic diaries, physiological sensors, or maobile devices,
such as mobile phones [7]. The popularity and near-universal
prevalence of mobile phones makes them a powerful conduit
for data collection, especially with the simplicity of text
messaging (short message service, SMS) [14]. Furthermore,
EMA may be particularly effective for substance use research
dueto the episodic and discrete nature of substance use behavior,
which makes it better suited for real-time data collection than
behaviors or statesthat are more ongoing [9]. Despite concerns
regarding the ability and willingness of substance-using
populations to adhere to the high-engagement requirements of
EMA methods, a growing body of literature has demonstrated
the feasibility, acceptability, and reliability of EMA among
those who engage in substance use [15-21].

Although it has shown to be successful, EMA remains
underutilized in substance use and HIV research. To date,
relatively few studies have employed EMA methods to assess
substance use patterns among MSM, and none have assessed
the concordance of information reported using EMA with

http:/mhealth jmir.org/2016/2/e44/

retrospective questionnaires among this population. To better
understand the utility of different data collection methods among
substance-using MSM, we aimed to assess the concordance
between daily reports of substance use collected by EMA text
messages and retrospective questionnaires, and to identify
predictors of daily concordance.

Methods

Study Sample

We conducted a secondary analysis of EMA text responses and
audio computer-assisted self-interview (ACASI) survey data
from June 2013 to September 2014 as part of a randomized
controlled trial assessing the feasibility, acceptability, and
tolerability of a pharmacologic intervention to reduce
methamphetamine and al cohol use among nondependent MSM
in San Francisco, California [22]. Active recruitment efforts
included outreach at municipal sexually transmitted infection
(STI) and HIV clinics, MSM community-based organizations,
gay bars and events, and syringe access programs. Passive
recruitment efforts included flyers at active recruitment sites
and advertisements in local newspapers, gay print media, and
on social media. Eligibility criteria included: self-reported
methamphetamine use at | east 2 times per month, binge al cohol
use at least once per week, methamphetamine or alcohol use
concurrent with anal intercourse in the past 3 months, and a
desire to reduce or discontinue methamphetamine and alcohol
use. Additionaly, participants were required to have a mobile
phone that could send and receive text messages. All study
participants provided informed consent and study procedures
were approved by the Committee on Human Research,
University of California, San Francisco.

Data Collection

EMA data were collected via daily text messages. Beginning
the day after a baseline visit, participants were sent daily text
messages asking about their behaviors on the previous day.
They were asked whether they had taken the study drug, used
methamphetamine, or used alcohol (and if so, the number of
alcoholic drinks consumed). Participants received this text
message series every day until the conclusion of the follow-up
period (approximately 2 months). As reimbursement for their
time, participants received a $1 stipend for each day that they
completed the text message series.

ACASI surveyswere administered at baseline and approximately
every 2 weeksfor atotal of 5 visits. Each ACASI survey asked
participants whether or not they had engaged in the following
behaviors on each of the preceding 14 days: methamphetamine
use, alcohol use, and binge alcohol use. To enhance recall,
participants were provided with the exact calendar dates of the
preceding 14 days as part of the assessments for these 3
behaviors, using a modified timeline follow-back approach.
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Additional data collected at baseline included: demographic
characteristics, including race, age, and highest level of
education achieved; number of daysin the past 4 weeks during
which the participant engaged in binge alcohol use; and the
frequency of methamphetamine usein the past 4 weeks as either
less than one day per month or a selection of 1 through 4 days
per month and 2 through 7 days per week. The frequency of
methamphetamine use was then converted into a continuous
variableto correspond to the number of daysin the past 4 weeks
during which methamphetamine was used. Due to our small
sample size and the limited number of participants who
identified as a race other than white or African American
(Latino/Hispanic n=5, Asian American or Pacific Islander n=2,
mixed or multi-racial n=2), participants who were neither white
nor African American were combined into an “other” race

category.
Reporting and Concor dance M easures

In the analysis for each substance, days were only included for
which both an ACASI recall response and an EMA text response
were present. Such that, if a participant did not complete the
text series on a given day, did not complete an ACASI, or if
study visits were scheduled more than 14 days apart (resulting
in gaps in ACASI recall), concordance could not be assessed
due to missing data. These days were therefore excluded in the
concordance analysis.

Pooled for the entire sample, the total number and proportion
of days on which methamphetamine use, alcohol use, and binge
alcohol use were reported were calculated for both ACASI and
EMA. McNemar's tests were used to assess differences in
reported frequencies of methamphetamine, alcohol, and binge
alcohol use between EMA text and ACASI modified timeline
follow-back data.

Thetotal number and proportion of daysfor which ACASI and
EMA responses matched for each substance (ie, concordant
responses) were calculated. This included both concordant
positive responses (ie, days that methamphetamine use, al cohol
use, or binge alcohol use were reported through both ACASI
and EMA) and concordant negative responses (ie, days that no
methamphetamine use, no acohol use, or no binge alcohol use
was reported through both ACASI and EMA). We aso
calculated the phi coefficient, which is equivalent to Pearson’s

http:/mhealth jmir.org/2016/2/e44/
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correl ation coefficient when applied to binary variables, between
ACASI and EMA responses.

Multivariable Analysis

For our primary multivariable analysis, we used multivariable
logistic regression models, fit with generalized estimating
equationsthat accounted for clustering within-subject, to assess
the likelihood of having concordant responses on a given day
for methamphetamine use, alcohol use, and binge alcohol use.
All modelsincluded demographic and behavioral characteristics
as time-invariant covariates and the number of days elapsed
since the baseline visit as atime-varying covariate. Overal, 3
models (onefor each substance-specific concordance outcome)
included atime-varying binary covariate indicating whether or
not the relevant substance was reported by EMA text on the
day being assessed. Each substance-specific model included
only the time-varying EMA text response covariate for the
substance being assessed in that model (ie, methamphetamine,
alcohal, or binge acohoal).

In sensitivity analyses, 3 dternative models (one for each
substance-specific concordance outcome) included a covariate
indicating the number of alcohol beverages reported by EMA
text on the day being assessed. In the model assessing
concordance of methamphetamine use reporting, both the binary
covariate indicating any methamphetamine use and the
continuous covariate indicating the number of drinks consumed
were included. In the models assessing concordance of alcohol
and binge alcohol use reporting, only the covariate indicating
the number of drinks consumed was included. All other
covariates in these 3 models were the same as in the primary
models.

Results

Study Sample Characteristics

As presented in Table 1, our study sample of 30 participants
was racially/ethnically diverse: 12 participants (40%) were
white, 9 (30%) were African American, and 9 (30%) identified
as any other race/ethnicity. The mean age was 43 (SD 9.3) and
26 (87%) had completed at |east some college education, with
9 (30%) having a Bachelor’'s degree or higher. The average
number of days of substance usein the 4 weeks prior to baseline
was 6 (SD 4.6) for methamphetamine, 13 (SD 7.6) for alcohal,
and 7 (SD 7.2) for binge acohol.
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Table 1. Demographic and substance use characteristics of study participants (n=30).

n (%) or mean (SD)

Age, mean (SD) 43(9.3)
Race White 12 (40.0)
African American 9(30.0)
Other 9(30.0)
Education High school diplomaor less 4(13.3)
Some college 17 (56.7)
Bachelor's degree or higher 9(30.0)
Days of Substance Usein Last 4 Weeks at Methamphetamine, mean (SD) 6 (4.6)
Basdline
Alcohol, mean (SD) 13(7.6)
Binge acohol, mean (SD) 7(7.2)

ACASI and EMA Text Compliance

All compliance measures are reported in Table 2. In total, 30
participants completed 143 (95%) biweekly ACASI surveys
out of the intended 150. Twenty-four participants (80%)
completed al 5 intended surveys, 5 participants (17%)
completed 4 surveys, and 1 participant (3%) completed 3
surveys. Because initiation of daily text messagesdid not begin
until the day after the participants’ first ACASI (with the
exception of 1 participant who initiated daily text messages
early and provided 4 days of EMA recall prior to their first
ACAS!), al but these 4 recall responses from participants' first
ACASI surveys were not relevant to this analysis. Across the
30 participants and including the aforementioned 4 additional
days, atotal of 1469 (mean per participant 49, SD 7.7) days of
methamphetamine use reporting and 1462 (mean per participant
49, SD 7.9) days of alcohol and binge alcohol use reporting
were collected via participants' noninitial ACASI surveys.

Of the 1469 and 1462 days of ACASI reporting for
methamphetamine and al cohol/binge al cohol use, respectively,
EMA text responses were collected on 994 days (68%) for
methamphetamine use, 987 (68%) for acohol use, and 981
(67%) for binge acohol use. For each substance, EMA text
reporting was not available for 156 (11% for each substance)
daysdueto delayed initiation or technical issues and 319 (22%
for each substance) days due to participant nonresponse. Of

http:/mhealth jmir.org/2016/2/e44/

days for which ACASI reporting was available, the average
number of days of EMA text data available was 33.1 for
methamphetamine use (range 10-55, SD 13.8), 32.9 for alcohol
use (range 10-55, SD 13.8), and 32.7 for binge alcohol use
(range 10-55, SD 13.9). As a percentage of the days of ACASI
data per participant, these numbers correspond to 67.2% for
methamphetamine use (range 19-98, SD 24.2), 67.1% for
alcohol use (range 19-98, SD 24.1), and 66.6% for binge a cohol
use (range 19-98, SD 24.2).

Reporting and Concor dance M easur es

A total of 994 days were included in the analysis for
methamphetamine use, 987 for alcohol use, and 981 for binge
alcohol use (see Figure 1). There were significant differences
in the proportion of days on which methamphetamine and
alcohol use were reported by text versus ACASI (P<.05). The
frequencies reported by EMA text and ACASI, respectively,
were 20% and 11% for methamphetamine use (P<.001) and
39% and 35% for a cohol use (P=.005). Therewas no significant
differencein the proportion of days on which binge alcohol use
was reported by text versus ACASI (P=.58). Of the concordant
responses for each substance, the majority were reports of no
substance use (92% for methamphetamine use, 67% for al cohol
use, and 87% for binge alcohol use). The phi coefficients were
0.35 for methamphetamine use, 0.49 for acohol use, and 0.47
for binge a cohol use.
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Table2. ACASI and EMA text message reporting compliance.

Rowe et al

n (%) or mean (range, SD)

ACASI Compliance

EMA Text Message

Compli ance®

Overall Compliance of Biweekly ACASI Surveys

Number of ACASI Surveys Completed by Study

Participants (n=30)

Total Number of Days of ACAS| Data?®

Number of Days of ACAS| Data Per Participant®

M ethamphetamine Use Reporting (Pooled for

Entire Sample)

Alcohol Use Reporting (Pooled for Entire Sample)

Binge Alcohol Use Reporting (Pooled for Entire

Sample)

Number of Days of EMA Text Data Per Partici-

pant

Days of EMA Text Data as Percentage of Days

of ACASI Data Per Participant

Total number intended
Total number completed
5 (100% compliance)

4 (80% compliance)
3 (60% compliance)

Methamphetamine use
Alcohol use
Binge alcohol use

Methamphetamine use
mean (range, SD)

Alcohol use
mean (range, SD)

Binge alcohol use
mean (range, SD)

Compl ete text response

Missing text response

Delayed initiation or system issue
Compl ete text response

Missing text response

Delayed initiation or system issue
Compl ete text response

Missing text response
Delayed initiation or system issue
Methamphetamine use
mean (range, SD)
Alcohol use

mean (range, SD)
Binge acohol use
mean (range, SD)
Methamphetamine use
mean (range, SD)
Alcohol use

mean (range, SD)

Binge alcohol use
mean (range, SD)

150
143 (95.3)
24 (80.0)

5(16.7)
1(33)
1469
1462
1462

49 (28-56, 7.7)
49 (28-56, 7.9)

49 (28-56, 7.9)

994 (67.7)
319 (21.7)
156 (10.6)
987 (67.5)
319 (21.8)
156 (10.7)
987 (67.5)

319 (21.8)
156 (10.7)
33.1 (10-55, 13.8)

32.9 (10-55, 13.8)

32.7 (10-55, 13.9)

67.2 (19-98, 24.2)

67.1 (19-98, 24.1)

66.6 (19-98, 24.2)

Aith the exception of 4 days for asingle participant, recall responses from participants' first ACASI survey were not relevant to this analysis because
EMA text messaging did not begin until the day after the first survey was completed. These are excluded from the total number of days of ACASI data

available.

PEMA text message compliance was assessed as the proportion of the number of days of ACASI data available.
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Figure 1. Reporting and concordance measures for entire pooled sample (n = 30).
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Multivariable Analysis

The results of the generalized estimating equation fitted
multivariable logistic regression models are presented in Tables
3-6. Inthe primary model ng methamphetamine reporting
(Table 3), text reporting of any methamphetamine use was
negatively  associated with daily concordance in
methamphetamine reporting (adjusted odds ratio 0.06, 95% Cl
0.04-0.10). African American (0.15, 0.05-0.43) and other
participants of color (ie, Hispanic/Latino, Asian American and
Pacific Islander, mixed or multi-racial individuals) (0.34,
0.12-1.00) were also less likely to have daily concordance in
methamphetamine reporting compared to white participants.
Participants who had graduated from college had agreater odds
of methamphetamine reporting concordance (6.79, 1.84-25.04)
compared to those with no college experience. In the sensitivity
analysis that included both the text reports of any

http://mhealth.jmir.org/2016/2/e44/
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Negative Report

methamphetamine use and number of alcoholic drinks, number
of drinks was not independently associated with
methamphetamine reporting concordance and the coefficient
estimates of all other covariates were not significantly different
than those in the primary model (P=0.69, data not shown).

In the primary model assessing alcohol reporting (Table 4), text
reporting of any alcohol use was negatively associated with
daily concordancein reporting of alcohol use (0.50, 0.34-0.73).
African American participants were less likely to have daily
concordance in alcohol use reporting compared to white
participants (0.18, 0.06-0.57). In the sensitivity analysis that
included the number of acoholic drinks reported by text, number
of drinks was not independently associated with alcohol
reporting concordance and coefficient estimates of the other
covariates were not significantly different than those in the
primary model (P=0.11, data not shown).
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In the primary model assessing binge acohol reporting (Table
5), text reporting of any binge alcohol use was negatively
associated with daily concordancein reporting of binge alcohol
use (0.27, 0.17-0.42). In the sensitivity analysis that included
the number of acoholic drinks reported by text (Table 6),

Rowe et al

number of drinks was negatively associated with concordance
in binge alcohol use reporting (0.89, 0.84-0.94). Also, in this
model, African American participants were less likely to have
daily concordance in binge acohol use reporting compared to
white participants (0.25, 0.07-0.87).

Table3. Multivariablelogistic regression model, fit with generalized estimating equations, assessing daily EMA-ACASI concordance in methamphetamine

reporting (n=994).

Variable Daily EMA-ACASI Concordance in Methamphetamine Reporting
OR (95% CI) P-value
Text Report of Any 0.06 (0.04-0.10) <.001
Methamphetamine Use
Race White Reference
African American 0.15 (0.05-0.43) <.001
Other? 0.34 (0.12-1.00 .049
Age 1.02 (0.97-1.08) 46
Education High school graduate or less Reference
Some college 217 (0.81-5.80) A2
College graduate or more 6.79 (1.84-25.04) .004
Basedline Days of Meth Usein Past 4 101 (0.92-1.10) .88
Weeks
Baseline Days of Binge Drinking in 0.98 (0.93-1.04) .52
Past 4 Weeks
Day of Follow-Up 1.00 (0.99-1.02) 55

8 ncludes Hispanic/Latino, Asian American or Pacific Islander, and mixed or multi-racial individuals.

Table 4. Multivariable logistic regression model, fit with generalized estimating equations, assessing daily EMA-ACASI concordance in alcohol

reporting (n=987).

Variable Daily EMA-ACASI Concordancein Alcohol Reporting
OR (95% CI) P-value
Text Report of Any Alcohol Use 0.50 (0.34-0.73) <.001
Race White Reference
African American 0.18 (0.06-0.57) .004
Other? 0.43 (0.17-1.08) .07
Age 1.02 (0.97-1.07) 40
Education High school graduate or less Reference
Some college 0.79 (0.27-2.32) .67
College graduate or more 117 (0.31-4.36) 81
Basedline Days of Meth Usein Past 4 1.08 (0.99-1.18) .07
Weeks
Baseline Days of Binge Drinking in 1.03 (0.96-1.10) .38
Past 4 Weeks
Day of Follow-Up 1.02 (1.01-1.03) <.001

4 ncludes Hispanic/Latino, Asian American or Pacific Islander, and mixed or multi-racial individuals.
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Table5. Multivariable logistic regression model, fit with generalized estimating equations, assessing daily EMA-ACASI concordance in binge alcohol

reporting (with text report of any binge alcohol use predictor) (n=981).

Variable

Daily EMA-ACASI Concordance in Binge Alcohol Reporting

OR (95% CI) P-value

Text Report of Any Binge Alcohol 0.27 (0.17-0.42) <.001
Use
Race White Reference

African American 0.35 (0.11-1.31) .08

Other? 0.69 (0.22-2.18) 53
Age 1.02 (0.97-1.09) 4
Education High school graduate or less Reference

Some college 1.68 (0.52-5.38) .39

College graduate or more 2.67 (0.64-11.1) .18
Basedline Days of Meth Usein Past 4 1.05 (0.95-1.17) .30
Weeks
Baseline Days of Binge Drinking in 0.97 (0.91-1.03) .33
Past 4 Weeks
Day of Follow-Up 1.01 (1.00-1.02) 26

8 ncludes Hispanic/Latino, Asian American or Pacific Islander, and mixed or multi-racial individuals.

Table 6. Multivariablelogistic regression model, fit with generalized estimating equations, assessing daily EMA-ACASI concordance in binge al cohol

reporting (with text report of number of drinks predictor) (n=981).

Variable

Daily EMA-ACASI Concordance in Binge Alcohol Reporting

OR (95% CI) P-value
Text Report of Number of Drinks 0.89 (0.84-0.94) <.001
Race White Reference
African American 0.25 (0.07-0.87) .03
Other? 0.68 (0.22-2.11) 50
Age 1.05 (0.99-1.11) 14
Education High school graduate or less Reference
Some college 1.40 (0.45-4.34) .56
College graduate or more 229 (0.55-9.54) .26
Basedline Days of Meth Usein Past 4 1.07 (0.97-1.19) 16
Weeks
Baseline Days of Binge Drinking in 0.98 (0.91-1.04) 46
Past 4 Weeks
Day of Follow-Up 101 (0.99-1.02) 35

4 ncludes Hispanic/Latino, Asian American or Pacific Islander, and mixed or multi-racial individuals.

Discussion

Principal Findings

Wefound that substance use was reported more frequently using
daily text messaging compared to retrospective questionnaires,
with the greatest differential in the reporting of
methamphetamine use. Daily concordance between EMA and
guestionnaire sdlf-reports was not homogenous across
participants; specifically, congruent reports were less likely
among non-white participants and more likely among those

http:/mhealth jmir.org/2016/2/e44/
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who had graduated from college. Lastly, on daysin which each
substance was reported to have been used via EMA text
response, use was significantly lesslikely to be reported in the
ACASI questionnaire. These findings have implications for
both the design and interpretation of substance use research
among MSM.

In general, EMA captured more frequent substance use than
ACAS!. For example, methamphetamine use wasreported nearly
twice as frequently and acohol use roughly 14% more
frequently viaEMA as compared to ACASI. Participantsin our
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study were not compensated differentially based on their EMA
responses; in addition, EM A text exchanges could be expedited
by reporting no substance use. Therefore, participants had no
material or time-related incentive to over-report their substance
use by EMA text. Both ACASI and EMA may minimize
concerns related to social desirability bias through the use of
electronic, self-administered questionnaires as opposed to
in-person interviews [23,24]. However, the frequent, repeated
assessments of EMA methods are designed to minimize the
duration of participant recall and reliance on autobiographical
memory, which can be distorted even after relatively short
intervals [6,7]. For these reasons, we hypothesize that daily
EMA texting may provide a more accurate and reliable
assessment  of substance use behaviors compared to
guestionnaires with longer recall periods, such as the ACASI,
or traditional in-person interviews. In addition to potential
advantages related to data quality, EMA methods can ease the
burden of data collection on study participants by allowing them
to report information conveniently and privately during their
daily routines and using their own personal devices.

In our multivariable analysis, participants of color were less
likely to report concordantly between EMA and ACASI, for
both methamphetamine and alcohol use. In prior studies
comparing self-reported data to biological tests of substance
use, African Americans were more likely to underreport
substance use [25-29]. This may be the result of either alower
level of trust and greater reluctance among African Americans
to disclose sensitive information to someone of different race,
or cultural variations in the interpretation of survey questions
[30-32]. African American participants also reported a higher
frequency of substance use by EMA text compared to ACAS!,
suggesting that text-based EMA methods may be more
acceptable to this population and may help to mitigate any
systematic underreporting among this racial/ethnic subgroup.

We also found that the likelihood of daily concordance was
significantly less for days during which participants reported
substance use by text. In the case of binge alcohol use, likelihood
of daily concordance also decreased as the number of drinks
reported by text increased. These findings could be a function
of either the acute and residual effects of each substance (as
suggested by the association between number of drinks and
binge al cohol use reporting concordance) or agreater difficulty
in recalling exact temporal details of behaviorsthat occur more
frequently. Although we were not able to assess the validity of
our self-reported measures, several studies have demonstrated
the validity of EMA reporting in relation to objective
biochemical markers of cocaine, tobacco, and alcohol use
[17,33,34]. If the EMA-collected data were an accurate
representation of substance use behaviors, thisfinding suggests
vulnerabilities with ACASI-collected substance use data in
analyses where substance use is the exposure or outcome of

Rowe et al

interest. In this case, accurate recall and reporting of substance
use behaviors would differentially depend on whether or not
the participant actually used the substance, which would
systematically bias any analytic findings (ie, recall bias) [35].

Limitations

This study has several limitations. First, our small sample size
limits both our statistical power to identify significant correlates
of daily reporting concordance and our ability to explore
differences across a wider array of racial/ethnic groups.
Secondly, our convenience sample may not be generalizableto
all substance-using MSM. We also had no day-to-day objective
measures against which to validate either the EMA or ACAS
self-reported measures of substance use; therefore, we cannot
make conclusionsasto thevaidity of either method. In addition,
daily assessments of the number of drinks consumed in the
previous day have been shown to dicit lower reported quantities
compared to real-time hourly reporting [36]. Thus, although
our assessments are mainly concerned with any substance use
on a given day as opposed to the specific quantity consumed,
our daily text message measure may be affected by recall bias.
Finally, our analyses were restricted to days for which both
EMA and ACASI data were available, which may have biased
our resultsif EMA nonresponses or missed ACASI interviews
were associated with substance use and likelihood of
concordance. Although there were high rates of compliance for
ACASI Surveys (95% overal), overall text compliance was
modest (68% overall for each substance). An assessment of
predictors of EMA text message engagement among the current
study sample found that white participants had higher response
rates than participants of color, and those who had at |east some
college education were less likely to stop responding to texts
for a prolonged period [37]. This variability in compliance
among different demographic groups may further affect the
generalizability of the data assessed in this analysis. It is
important for future studies to assess the characteristics,
concordance, and validity of these data collection methods
among samples with elevated reporting compliance.

Conclusions

Our findings have important implications for the collection of
self-reported datain substance use research, particularly among
MSM. We found that methamphetamine and a cohol use were
reported more frequently with daily EMA text compared to
retrospective ACASI, concordance varied among different
racial/ethnic subgroups and level of education, and reported
substance use in EMA text was associated with lower daily
concordance with retrospective ACA S|. These findings suggest
that EMA methods may provide more compl ete reporting about
frequent, discrete behaviors such as substance use, which may
be particularly valuable among subgroups more likely to
underreport such behaviors.
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Abstract

Background: We describe here Survalytics, a software module designed to address two broad areas of need. The first areais
in the domain of surveys and app analytics: developers of mobile apps in both academic and commercia environments require
information about their users, as well as how the apps are being used, to understand who their users are and how to optimally
approach app development. The second area of need is in the field of ecological momentary assessment, also referred to as
experience sampling: researchersin awide variety of fields, spanning from the social sciencesto psychology to clinical medicine,
would like to be able to capture daily or even more frequent data from research subjects while in their natural environment.

Objective: Survalyticsis an open-source solution for the collection of survey responses as well as arbitrary analytic metadata
from users of Android operating system apps.

Methods: Surveys may be administered in any combination of one-time questions and ongoing questions. The module may be
deployed as a stand-alone app for experience sampling purposes or as an add-on to existing apps. The module takes advantage
of free-tier NoSQL cloud database management offered by the Amazon Web Services DynamoDB platform to package a secure,
flexible, extensible data collection module. DynamoDB is capable of Health Insurance Portability and Accountability Act compliant
storage of personal health information.

Results: The provided example app may be used without modification for a basic experience sampling project, and we provide
example questions for daily collection of blood glucose data from study subjects.

Conclusions: The modulewill help researchersin awide variety of fields rapidly develop tailor-made Android appsfor avariety
of data collection purposes.

(IMIR mHealth uHealth 2016;4(2):e46) doi:10.2196/mhealth.5397
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Introduction

The explosion of cheap mobile computing technology has led
to rapid global adoption of smartphone and tablet technol ogy,
with annual smartphone sales accounting for the majority of
mobile phones worldwide by 2013 [1]. The Android operating
system (OS) isloaded onto more than 75% of these smartphones
[1,2]. Accompanying the mobile computing revol ution has been
the explosion of apps availablefor mobile OSs, with 1.6 million
apps available in Google Play for the Android OS as of July
2015 [3].

The profusion of mobile phones has put vast processing power
into the pockets of a large swath of the population. Thus,
successful apps with a large number of users may experience
commercial success, but also provide an opportunity for studying
population-level behavioral dynamics with sample sizes and
data precision heretofore impossible to collect.

The corresponding author has written an  app,
“Anesthesiologist,” for the Android OS platform that has
experienced a moderate degree of success, with 100,000 users
from around the world as of late 2015 [4]. In planning and
deploying aresearch study related to this app, we developed a
reusable module for the Android OS that fills 2 broad areas of
need.

First, this research study highlighted the need for a tool that
alows dual collection of survey dataas well as analytics. This
allows us to take the analytics data, and behavioral aspects of
app use related to these analytics, and parse it on the basis of
usage by specific subpopulations. Other developers may be
interested in combining analytics with survey data to inform
their development cycle. Finally, commercial app developers
are particularly interested in characterizing the demographics
and usage patterns of their user base for targeted advertising
purposes. There are several private commercial solutions that
can provide some of the functionality of this module in terms
of survey administration [5-8]. However, as mature as some of
these products are, none are open source and all are
fee-for-service. Moreover, none appear to have the flexibility
and extensibility to allow the capture of arbitrary app analytics,
requiring 2 vendor solutions to combine analytics with survey
administration.

The ability to combine survey and analytic data on a per-user
basis is the basis on which investigators can understand how
particular subpopulations are using their app. Using
“Anesthesiologist” asan example, we know that the app isused
by health care practitioners in a wide variety of roles, but we
need to use surveysto differentiate the attending anesthesiol ogi st
from the junior level trainee. We are also interested in
understanding the frequency of app usage, which we can capture
using the analytics piece. However, to test the hypothesis that
junior level trainees use the app more frequently than attendings,
we need to combine this data. The ability to combine analytics
with survey data allows investigators to perform a much more
nuanced analysis of incoming data.

The second need served by this project is in the area of
ecological momentary assessment [9-11], also referred to as

http://mhealth.jmir.org/2016/2/e46/
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experiential sampling. Experience sampling procedures have
been used for many yearsto facilitate the collection of datafrom
subjects during the normal course of their day, as opposed to
collection of this data during visits to an office or alab. This
reduces biases in the data related to the need for subjects to
remember or aggregate their experiences over acertain interval
[12]. These procedures also allow subjectsto answer questions
within their natural environment aswell, perhaps reducing error
or bias related to being in the laboratory environment [12].
Quantified-self movement enthusiasts likewise wish to take
advantage of modern technology in the pursuit of
“self-knowledge through numbers’ [13-15].

Several modern experience sampling tools have been devel oped
and released [16-18]. In this arena, mature products have
significant costs associated with their use. These include
SurveySignal [19], Diario [20], LifeData [21], mEMA [22],
iForm [23], movisensXS [24], and iSurvey [25]. Even the
relatively mature open-source solutions do not implement
enterprise database solutionsto provide extensibility, scalability,
and security. Paco [26], Aware [27,28], and funf [29] require
setup of stand-alone servers, with their attendant information
technology (I'T) and security concerns aswell asthe associated
cost of hardware and maintenance. Emotion sense [27] and
Purple Robot [30] do not offer a storage solution, only export
of JSON.

Survalytics represents a substantial improvement over these
packages by solving the backend database problem by
integrating with Amazon Web Services (AWS) DynamoDB.
Amazon Web Services DynamoDB isahosted NoSQL database
service with a flexible data model. For the requirements of
Survalytics, minimal database setup is required (described in
Multimedia Appendix 1). At the time of writing, AWS offers
indefinite free-tier service on DynamoDB [31], with 25 GB of
free storage and enough free throughput to handle 200 million
requests per month. Thisrepresentsfar more capacity than most
projects will ever require.

Effective question delivery and response storage is impossible
without a solution to this the backend database problem.
Compared with stand-alone server solutions, AWS offers
intrinsically better security at zero cost, with physical security
at the AWS server farms, enterprise-level security architecture
and monitoring, active feature development and resource
management by AWS, and fine-grained access management
options. Amazon Web Services also offers the advantage of
virtually guaranteed uptime and extremely low access latency.
Survalyticswas partially built based on our experience with the
development of an unreleased Android port of the Experience
Sampling Program, a now antiquated ecological momentary
assessment solution built for Palm OS that suffered from many
of these problems[12,32].

In short, Survalytics represents a significant leap forward for
open-source experience sampling solutions and fills an unmet
need in the research community by combining analytics with
one-time and ongoing survey question administration on a
popular, cheap, widely available OS platform with integration
of acloud-based database service. We expect this combination
will fill animportant need in the research community by serving
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broad swaths of investigators interested in app analytics and
administration of one-time surveysto their user base aswell as
those interested in ecological momentary assessment.

Methods

Software Functionalities
The 3 major functionalities of the module are as follows:

1  Stand-adone app for experience sampling (ongoing
guestions) and one-time survey administration

2. Add-on module for the administration of surveys to users
of existing Android apps

3. Add-on module for the collection of arbitrary data from
app interactions or background processes

Software Architecture

We have assembled the basic metadata about Survalytics in
Table 1 and listed the required AWS software devel opment kit
(SDK) components in Textbox 1. The module is designed as a
set of core (Table 2) and supplemental (Table 3) Java classes
with minimal user modification required in order for the module
to function. These modifications are straightforward and allow

Table 1. Code metadata.

O'Reilly-Shah & Mackey

the high degree of flexibility for the various applications that
this module will likely serve. Figure 1 provides an overview of
thelife cycle of themodule, and Figure 2, Multimedia A ppendix
5 provides the details of the interactions between the Java
classes. Black arrows signify the calls between classes, and red
arrows signify the flow of datainto or out of databases. Light
green arrows indicate OS-level broadcast events that are
received by the module to activate background activity.

In order to get the software compiled and running, the only
required modification is for users of the module to provide
AWS credentialsand table datain AWSConstants.java (as public
static final variables). Multimedia Appendix 1 provides a
walk-through of the process for establishing an AWS account,
creating the 2 required DynamoDB tables (for Questions and
for Responses), and creating an unauthenticated identity pool
with strict security limitations. In particular, this identity pool
isstrictly limited to reading the Questions table and to writing
single responses to the Responses table. Multimedia A ppendix
2 provides a walk-through of the process for formatting and
inserting questions into the Questions table, and Multimedia
Appendix 3 provides a set of sample questions. The schema
used is described in Multimedia Appendices 2 and, section |.

Descriptor Description

Current code version v1.0
Permanent link to code
Lega Code License Apache 2.0

Code versioning system used None

Software code languages, tools, and services used

Compilation requirements, operating environments &
dependencies

http://dx.doi.org/10.15139/S3/12126

Java, Amazon Web Services (AWS) DynamoDB, Eclipse Mars IDE?

Eclipse Mars IDE
Android SDK Target SDK >=9 (GINGERBREAD)

AWS SDK for Android

Support email for questions

voreill @emory.edu

4 DE: integrated development environment.

Textbox 1. Required Amazon Web Services Android SDK JAR files (tested with version 2.2.5).

aws-android-sdk-cognito-x.x.x.jar
aws-android-sdk-core-x.x.x.jar
aws-android-sdk-ddb-x.x.x.jar

aws-android-sdk-ddb-mapper-x.x.x.jar

http://mhealth.jmir.org/2016/2/e46/
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Table 2. Core Survalytics Java classes.
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Names

Notes

SA_AWSConstants.java

SA_AWSDownloadSurvey.java
SA_ResponseSenderAsynctaskService.java
SA_AWSInsertStudyJSON.java
SA_DisplaySurveyQuestion.java
SA_QuestionDB.java

SA_Question.java

SA_Responsejava
SA_AWSSurveyConnectivityBroadcastReceiver.java

Required modification: AWS?credentials

Pulls Questions into local DB?

Packages Responses and storesin local DB for later upload
Pushes Responses to AWS

Displays Questions

Wrapper class for all local DB calls

AWS DynamoDB Annotated Question object

AWS DynamoDB Annotated Response object

Background Question download and Response upload with con-
nectivity change

8AWS: Amazon Web Services; DB: database.

Table 3. Supplemental Survalytics Java classes.

Names

Notes

SA_AWSQuestionVerificationAndDisplay.java

SA_NotificationAutomaticity.java
SA_NotificationGroupNotifier.,java
SA_NotificationSetter.java

Question Display and Validation
Should not be included in production release of application

Survalytics Sampling: add-on classes for ecological momentary
assessment (experiential sampling)

Only 1 of the core classes—Display SurveyQuestion—must be
called by the end user to achieve survey functionality (dark
arrow from the main user interface (Ul) activity). All of the
other classes provide background functionality for the module.
DisplaySurveyQuestion is an Activity that displays questions
present in the local database and also initiates a download of
questions (red data flow arrow) from the cloud AWS table if
no new questions are available. The activity recursively cycles
through unanswered questions until no relevant questions
remain. The end user hasthe option to delay answering questions
until later (“Not now/answer later” button, easily removed from
the Ul if investigators do not wish participants to be able to
delay answering).

In terms of analytics, as indicated in Figure 1 by dotted lines,
users of the module may also optionally store additional types
of data such as Ul clicks, user inputted data, app metadata, or
otherwise processed data using a direct cal to
ResponseSenderAsyncTaskService. The Responses class should
be modified under these circumstances. In the study of the
“Anesthesiologist” app mentioned in the Introduction section,
we use this analytics storage component to track a variety of
app uses, including total time using the app (per launch) and a
variety of in-app clicks. This alows fine-grained analysis of
the app usage linked directly to the survey responses collected,
as described above, using Display SurveyQuestion.

http://mhealth.jmir.org/2016/2/e46/

Whether storing survey or analytics data, the data are stored
on-device before attempting upload. If the deviceisoffline, data
are persisted in a private SQL ite database on-device until the
device comes online. The Android OS security model prevents
access to these private SQL.ite databases by other apps and is
only otherwise accessible by physically connecting a rooted,
unlocked Android device to a computer. The change in
connectivity is detected by the package (Figure 2, Multimedia
Appendix 5) and upload of all stored data is initiated at that
time.

Multimedia Appendix 4 contains the full JSON schemafor the
app and AWS tables and demonstrates the modifications to
Responses required in Section | V. However, it should be noted
that all data packaged into JSON for upload are transmitted to
thefinal AWS Responsestableinthe“json_str” field. Therefore,
even without modification to Responses, the data will remain
preserved. This comes at the price of doubling the stored data;
because storage is cheap and data are precious, this prevents
situations where incorrect modification of Responses leads to
loss of data. In this situation, users of the module will need to
extract the JSON from the AWS Responses table to get at the
data. Eventually, the AWS SDK for Android will likely include
functionality to allow insertion of arbitrary JSON directly into
DynamoDB tables, aready afeature of the AWS SDK for Java
[33]. This should obviate the need for Responses and for
preventative double storage.
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Figure 1. Overview of the Survalytics platform architecture. Black arrows are calls between subclasses of the module. Red arrows demonstrate data
flow. Dotted lines serve to clarify the functionality and data storage existing in the origina app, in the Survalytics module, and in the cloud database.
The software module may be called by the primary app in several different ways. For surveys, the app should send a call to display survey questions.
The app may make a different call to store arbitrary anaytic datain the cloud. Finaly, if desired, the app can call the experience sampling submodule.

AWS: Amazon Web Services.

Experience Sampling
Module

Display Questions
+ Ongoing/experience
sampling questions

AWS DynamoDB
Questions Table

On Device

Questions

AWS DynamoDB
Responses Table

SQLite

‘ Send data to cloud |

On Device

« Conditional upon
previous responses
« Conditional by location

SQLite

Responses

Module

Primary App
User Interface
Activities

Primary App
Metadata

- Time of day app
is opened
- Length of time
appl/screens are
open
- In-app clicks

App

Iustrative Example

Usersmay follow one of the many available guidesfor the setup
of an Android integrated development environment (IDE)
[34,35]. Survalyticswas coded and tested using the Eclipse IDE
[36]. Android Studio [37] is an IDE provided by Google for
Android development, and the use of the module in that
environment may require modifications to the module other
than those described in the Multimedia Appendix 4.

After setting up the AWS DynamoDB tables as outlined in
Multimedia Appendix 1 and inserting questions into the
Questions table as outlined in Multimedia Appendix 2, the
project should be loaded into the selected development
environment and modifications made to AWSConstants.java
toinclude the AWS security credentials gathered in Multimedia
Appendix 1. The package also relies on the Android SDK for
AWS [37,38]. Once downloaded, the 4 required Java Archive
(JAR) filesin Textbox 1 should be copied into the libs folder
of the project. At this point, the project may be compiled and
deployed onto atest or emulated device.
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Important permissions and declarations are included in the
Android manifest file and should be made note of when using
Survalytics as an add-on module. These include permissions
for Internet connectivity and use of the Global Positioning
System and declarations for all the Survalytics classes. Any
projects making use of the Survalytics must include these
permissions and declarationsin the Android manifest for proper
functionality.

The package may be tested using the questions provided in
Multimedia Appendix 3, modeled on the types of questionsthat
might be asked in a study of blood glucose monitoring in
diabetic patients. The Survalytics Question Builder for Google
Sheets provides a simple template that will take the desired
valuesfor questionguid_str, ordinalposition_int, and so on and
export JSON for easy insertion into the AWS Questions table.
Users may validate the insertion of questions in the AWS
Questions table using AWSQuestionVerificationAndDisplay,
as discussed below.
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Figure 2. Detailed Survalytics platform architecture. The calls to be made from the primary app to the specific Java classes of the module are detailed
here. In addition, the internal relationships between the classes of the module are also detailed. Black arrows are calls and red arrows demonstrate data
flow. Light green arrows represent system level events that drive calls to the indicated classes. AWS: Amazon Web Services; DB: database; ESM:
experience sampling module; IAM: Identity and Access Management; | P: Internet protocol address; JSON: JavaScript object notation; SQL: structured

query language; Ul: user interface. See Multimedia Appendix 5.
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The example app and questions provide insight into how the
various functionalities of the module may be tied together to
create a comprehensive study framework. Upon loading, an
AlertDialog requesting consent for participation in the study is
displayed. Acceptance or rejection of consent is uploaded to
the AWS Responses table with entrytype “consentcode.” This
isan example of direct upload of app Ul data. Questions 10-40
are questions that are asked only once and collect basic
demographic information about the study patients and their
diabetes management. Question 100 is an ongoing experience
sampling question asked daily at 11 am and 6 pm. Questions
101 and 110illustrate the del etion of ongoing question 100 and
insertion of the same ongoing question, except asked daily at 7
pm and then at 12 noon on Sunday only. Question 50 illustrates
the use of delaybydays while question 60 illustrates the use of
conditional-upon-questionguid and conditional -upon-responseid.
The question will only be asked if question 40 (questionguid
“DM1-FOLLOWUP’) was answered with responseid 1
(“Monthly™). Questions may also be conditionalbycountry ; this
should be acomma-delimited list of International Organization
for Standardization 3166 alpha-2 country codes listing the
countries in which the question should be asked.

http:/mhealth jmir.org/2016/2/e46/

RenderX

Survalytics Main Module

A basic survey visudization tool isincluded with Survalytics.
This is the AWSQuestionVerificationAndDisplay class. As
demonstrated in the exampl e app, we recommend including this
class as a menu option during survey development and app
testing. Thisclass presentsthe entire survey present in the AWS
Questionstable for ingpection. While processing the questions,
it performs a series of validation checks, including uniqueness
of ordinalposition, validity of conditional-upon-guid and each
conditional-upon-responseid, validity of each notificationtime,
and validity of deletequestion. All elements of the question,
including conditionals by time or country, are displayed. In the
case where questions are conditional-upon-guid, each of the
conditional-upon-responseid is matched to the responseid_int
of the original question and those response_str are displayed,
allowing at a glance verification of branch points. The menu
option and the class itself should be removed from the
production version of the app.

Discussion

As indicated in the Introduction section, this project was
motivated by the need for a tool with broad functionality
allowing data capture across several domains. Theflexible data
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model offered by NoSQL database solutions simplifies the
approach to database management and data capture. By
combining survey data with in-app usage analytics, we can
capture detailed usage patterns of mobile Android apps and
parse that behavior based on the collected demographics. As
mentioned, the module will be deployed as part of a large
research study of an international population of anesthesia
providers. This study may shed important light on global
practice patterns and areas for practice improvement in the
global or intargeted communities. Most intriguingly, the module
can serve not just to ask questions but also to deliver payloads
of educational content to targeted end users based conditionally
on their responses, location, and so on.

The stand-alone experience sampling functionality fills a
substantial need in that it is the first cloud-integrated
open-source experience sampling program available for
deployment on amodern smartphone platform. The uses of such
a program span a wide variety of fields, from sociology to
economics to psychology to the biomedical sciences. As
mentioned, existing solutions either are expensive and
closed-source or lack the broad functionality presented here.
The previous unreleased port of the Experience Sampling
Program (ESP) to Android, presented in a poster session to the
American Society of Anesthesiologists, generated severa
unsolicited requests from interested research groups. Survalytics
should be a welcome addition to the experience sampling
community.

One major advantage of Survalytics over existing packages is
the use of AWS free-tier offerings. Amazon Web Services has
a comprehensive security model (termed Identity and Access
Management, or IAM), alowing extremely fine-grained
permissions to be granted to various users. For example, users
can have limited read and write capabilities down to the table
level. Data security was a prime consideration in choosing AWS
over other possible solutions; stand-alone servers may go
without security updates in the absence of amature I T support
framework, and the other major NoSQL platform, MongoDB,
offered very little in the way of granular security. Survalytics
uses so-called “unauthorized entities” to access questions and
write responses, but these “unauth identities’ cannot write to
the questionstabl e or read the responsestableif set up according
to the instructions in Multimedia Appendix 1. All
communication using the AWS SDK is, by default, secure
sockets layer (SSL) encrypted. Accessto datais limited by the
account holder, and secondary users may be defined by that
account holder using IAM with limited permissions. Certain
AWS services are designed with Health Insurance Portability
and Accountability Act (HIPAA) and personally identifiable
information (PIl) compliance in mind; DynamoDB is one of
them. Interested parties may execute business associate
agreements with AWS to use their services in a HIPAA
compliant manner [39].

O'Reilly-Shah & Mackey

Using AWS carries some other significant advantages. There
are mature SDKsavailablefor avariety of platforms, including
iOS, opening the possihility of devel oping Survalyticsfor other
platforms (discussed below). Amazon Web Services offers a
number of other free or low-cost services that may eventually
be integrated into the Survalytics platform, including cloud
computing and long-term archival services.

Although the Survalytics package as offered provides all the
essential tools required to deploy the functionalities provided,
several avenues of development remain. A dataexploration tool
for basic exploratory data analysis and visualization of the AWS
Responses table would be valuable, in particular for userswith
a substantial analytics component or for those users collecting
large datasets. Additionally, a more integrated approach to
question building and upload may be helpful for those working
with large surveys or multiple survey sets. The on-device
language is currently detected by Survalytics, but there is no
current mechanism to localize delivered questions on the basis
of this language. This would be straightforward to implement
but not a current area of need.

A mgjor area of development is to port Survalytics to the iOS
platform. We initialy focused on developing the platform for
Android OS as Android devices are profoundly cheaper than
iOS devices, allowing researchersto deploy Survalyticsat much
lower equipment costs. WhileiOS devices have a higher market
share in developed countries, Android continues to maintain
parity withiOS globally. Our planned deployment of Survalytics
for study of the“Anesthesiologist” app, currently only available
for Android, led ustoinitially focus on the Android OS version
of Survalytics. We are also actively exploring devel opment of
a cross-platform version of Survalytics using Xamarin.

Hopefully, contributions in some of these areas will emerge
from the open-source user community, although devel opment
of toolsfor the projects we currently havein progresswill only
serve to further develop the Survalytics package for al users.
Exploratory data analysis using the open-source statistical
package R [40] isstraightforward to implement using thejsonlite
[41] library for import.

Efforts were made to optimize the end-user experience while
maximizing code efficiency, but the user interface, which relies
on the basic set of views and components provided by the
Android OS, may be improved upon by contributors with
experience and expertisein Ul. Thereare amost certainly areas
where the codebase could be optimized to reduce resource
utilization or increase speed. On the other hand, the code was
written explicitly adopting a philosophy in which ssimplicity of
codebase took precedence over bandwidth or storage
considerations. Since the module is targeted for use by
nonexperts and experts alike, this approach improved the
readability of the code. This accessibility should result in a
larger number of researchers adopting the package as well as
contributing to its further devel opment.
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Abstract

Background: Farmworkers exposures to pesticides are reduced when they wear personal protective equipment (PPE), and
mobile health (mHealth) platforms can potentially deliver information to farmworkers to help promote PPE use. However, little
is known about the feasibility of using mHealth platforms to promote farmworkers' use of PPE.

Objective: The abjective of the study was to describe the development and feasibility-testing of Protect Yourself! (jProtéjase!),
an intervention designed to increase PPE use. As the vast mgjority of farmworkers in the United States are from Mexico, we
examined the intervention in a primarily Mexican-origin farmworker population.

Methods: jProtéjase was developed in several steps. First, we performed ethnographic observations to understand what prevents
PPE use. Next, we devel oped program components that met the challenges uncovered in the ethnographic observations, seeking
direct feedback from farmworkers on each component. Feasibility was assessed using surveys and focus groups. Material was
provided in Spanish or English at the preference of the participant. Finally, we pilot tested each component of the intervention,
including: (1) PPE that was provided to each worker for their personal use during the intervention trial, and (2) delivery of an
application-based tool that promoted the use of PPE through daily individualized messaging.

Results: 55 farmworkers enrolled in the study, but only 41 of 55 (75%) completed the entire pilot intervention trial. Results
focus on the evaluation of the intervention, and include only those who completed the entire trial. Among farmworkers who
completed the entire intervention trial, all but two farmworkers were born in Mexico and were Spanish speaking. Still, all study
participants self-identified as Mexican or Mexican-American. When asked what changes were needed in the intervention’s
messaging or delivery to increase user satisfaction, 22 out of 41 participants (54%) felt that no changes were needed. However,
16 of 41 participants (39%) suggested small changes to messaging (eg, refer to long pants as pants only) to improve their
understanding of the messages. Finally, a small number (3 of 41 participants, 7%) felt that messages were difficult to read,
primarily dueto low literacy.

Conclusions. The jProtéjase! mHealth program demonstrated very good feasibility, satisfaction, and acceptance; potential
improvements (eg, small modifications in messaging to increase farmworkers' use) were noted. Overall, the PPE provided to
workers as well as the mHealth platform were both perceived as useful for promoting PPE use.

(IMIR mHealth uHealth 2016;4(2):€28) doi:10.2196/mhealth.4455
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Introduction

The use of personal protective equipment (PPE) significantly
reduces workers' exposures to pesticides[1-5]. Further, PPE is
recommended by the Environmental Protection Agency as the
primary way to protect farmworkers who may be exposed to
pesticides as they work [6]. However, exposure to pesticides
among farmworkersis not equal. Over 80% of the agricultural
workforceisof Mexican origin[7], and recent research indicates
that farmworkers who identify as Latino have significantly
greater exposuresto pesticides[8]. Itiscritical, then, to develop
new venues for interventions that can help promote pesticide
safety for Mexican and Latino farmworkers.

Intervention strategies such as the use of mHealth (broadly
defined as the use of mobile and wireless devices to improve
health, health services, and health research) present a unique
and viableintervention platform to improve PPE use. Moreover,
there is preliminary evidence that Mexican and Latino
farmworkers are likely to have mobile phones and are willing
to receive hedth information in a mHealth format [9-11].
However, utilizing a mHealth approach for pesticide safety
among a Mexican farmworker population has not yet been
explored. As such, we developed and implemented a mHealth
intervention named Protect Yoursdlf! (jProtéjase!), which was
both broadly (eg, language, culturally appropriate) and
dynamically (daily risk profiles) tailored to promote PPE use
among Mexican farmworkers. Our efforts build on the growing
use of mHedth as an approach to capture daily data to
implement messaging based on individual-level characteristics,
such as changes in daily risk factors [12]. Specifically, our
objective was to pilot test each component of the intervention,
including: (1) provision of PPE (long-sleeved shirts, gloves,
and safety glasses) that was provided to each worker for their
personal use during the intervention trial and (2) delivery of an
application (app)-based tool that promoted the use of PPE
through daily individualized messaging.

Methods

The Steps of jProtéjase! Intervention

Step 1

The jProtéjase! intervention was devel oped in six steps (Figure
1 shows this). Step 1 entailed a series of ethnographic
assessments performed by the primary investigator. The overall
goal of ethnographi c assessments wasto better understand why

http://mhealthjmir.org/2016/2/e28/

workers did not wear their PPE, or removed it (eg, because it
interrupted or slowed their work). Data for the ethnographic
componentswere collected during 3 periods: 3 months of spring
evaluation (April 2009 to June 2009), 10 months of winter and
spring evaluation (October 2009 to July 2010), and 3 months
of summer evaluation (June 2011 to August 2011). The
participant samples were 32, 30, and 35 respectively.
Participants for the ethnographic studies were al recruited
through parent meetings a Teaching and Mentoring
Communities, Inc (TMC), a nonprofit organization with a
Migrant and Seasonal Head Start program that serves
approximately 8000 children of parentswho work in agriculture.
TMCislocated inthe Lower Rio Grande region of Texaswhere
asignificant portion of residents are farmworkers[13].

Ethnographic observations of PPE use behaviorstypically took
between 6-9 hours, and occurred 5-7 days per week for atotal
of 3387 observational hours. Additional time in the field
included transcribing notes, which were captured using adigital
voice recorder and written in a notebook using a shorthand
system that alowed the investigator to quickly record
observations. Also, 74 interviews were conducted that inquired
about reasons behind PPE use/nonuse, ranging from 30 minutes
to 3 hourseach. Finally, between 2-5 hours of every observation
day was used writing field diary notes, coding notes, listening
to voice recordings of interviews, and keeping an active field
diary. Therelevant Ingtitutional Review Boards (2009-2010 by
MD Anderson Cancer Center; 2011 by the Pennsylvania State
University) approved all work for the ethnographic studies.

The ethnography produced numerous examples of why
farmworkers removed their PPE, or did not put it on at al. For
example, previouswork has described that farmworkers' beliefs
about individual vulnerability and machismo may influence
pesticide exposures [14-16]. Building upon that literature, our
observations showed that someone who self-perceives their
body as “delicate” or “weak” in their organismo (body-type)
might more readily wear their PPE. In fact, workers described
as delicados (persons with a delicate body type) were
encouraged by their family or coworkersto put on PPE even if
it slowed them down. On the other hand, we found that PPE is
strongly perceived as a barrier to efficient work, and is seen as
preventing most workers from achieving important harvest
quotas (which, when not met, may result in loss of pay or
employment). Thus, workers who had a stronger “organismo"
were less likely to wear PPE because their body type was
perceived as strong enough to forgo PPE use, and because PPE
decreased their work efficiency.
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Figure l. jProtéjase! development steps. Personal protective equipment: PPE.
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Step 2

Next, in step 2, we began to develop program components that
met the challenges uncovered in the ethnographic observations.
First, we sought PPE that would be perceived as practical
enough to not impede productivity. Further, we aimed to
establish messages designed to address key barriersfor the use
of PPE, thus enhancing motivation for and execution of or
execution of PPE. To do this, wefirst identified multiple options
of each type of PPE (ie, long sleeved shirts, safety glasses, and
gloves) that could be worn comfortably throughout the workday.
PPE was located by contacting occupational equipment
companieswhose products were a potential match for the criteria
of functiona wear without impeding work productivity.
Criterion factors included fabric with heat cooling technology,
nonfog lenses, and gloves that promoted maximum dexterity.
In total, we were able to identify 22 options, which included 4
types of shirts, 10 types of gloves, and 8 types of safety glasses.
Next, culturally appropriate messages were drafted. To create
messages, we used a matrix-based guiding framework from
Intervention Mapping [17]. Message devel opment started with
a matrix that placed behavioral objectives in rows, which
included goals such as putting on a long-sleeved shirt and
keeping the long-sleeved shirt on all day. Determinants that
influenced the goals were placed in columns, and included
perceived barriers, perceived benefits, self-efficacy, knowledge,
and attitude (among others). In arow-by-row fashion, we created
multiple corresponding messages for each cell in the matrix
attempting to minimize repetitiveness (resulting in a total of
309 messages). Also, the wording of each message considered
that delivery was to take place in an individually tailored
manner, and in direct response to their actual daily behavior.
For example, a sample message was: “We know - sometimes
it's hard to wear protective clothing. Today you did not wear
your gloves because they were uncomfortable. However, we
want you to know that pesticides can be harmful when you are

http://mhealth.jmir.org/2016/2/e28/

exposed to them. In order to protect yourself, wear the
appropriate protective clothing every day”.

Step 3

In step 3, we conducted 5 focus groups among 50 adult
farmworkers (10 farmworkers per focus group) to gain their
opinions on both the PPE and draft messages devel oped in step
2. Focus groups were approved by the Institutional Review
Board at Penn State University, and held at the TMC facilities.
We recruited 50 farmworkers by attending parent meetings at
TMC. Among the 50 focus group participants, they provided
feedback on types of PPE, which were evaluated by farmworkers
for both comfort and productivity (uncomfortable/slows
productivity, = comfortable/siows  productivity, helps
productivity/uncomfortable, helps productivity/comfortable).
Additionally, intervention messages were discussed and
evaluated, and then group-ranked according to their potential
impact to motivate increased PPE use.

Step 4

In step 4, we reviewed farmworkers feedback on PPE and
messages. First, based upon farmworkers' suggestions, PPE
was narrowed from 22 to 7 types that farmworkers perceived
could befeasibly worn throughout the workday (1 shirt, 3 types
of gloves, and 2 types of safety glasses). We kept PPE according
to farmworker’s rankings of highest level of protection in
conjunction with their most pragmatic needs (ie, comfort and
productivity). Representative quotes of farmworker's
perceptions of highly evaluated PPE are available in Table 1.
Next, the draft messages were eval uated. Based on farmworker’s
feedback, messages were narrowed from 309 messages to 209
messages. M ost messages were removed because farmworkers
viewed them as too lengthy, or not convincing enough to
motivate PPE use. A small number of messages were removed
because they repeated the overall goal of other messages. The
top-rated PPE and edited messages were integrated into the
intervention design.
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Table 1. Representative quotes regarding perceptions of highly evaluated PPE.

PPE Farmworker quotes

Gloves
picking."

"These glovesfit better and are more comfortable, they would be good for jobs that require handling small fruit

"These gloves are perfect for working with tasks that require good grip while handling sharp plants or knives."

Long sleeve shirt

"This shirt is good for work because it protects you all the way to the wrist, it looks comfortable, it looks like a

dress shirt, you can put your pen, and small toolsin the pockets."

Glasses
you are working."

"These glasses are great for when we bend down. You can use them with the straps too so they don’t fall off while

"These glasses are good for when you are driving a machine.”

Step 5

Next, in step 5, we pilot tested the intervention in anew sample
of 55 farmworkers (no farmworkers from the focus groups
participated in the pilot delivery trial). The Institutional Review
Board at Penn State University approved all pilot study
components. Program participants were recruited from TMC
through parent meetings, and written informed consent was
obtained in Spanish or English, depending on participant
preference. In order to ensure consistency in the function of the
pilot mHealth app, and to standardize presentation of materials
(eg, screen size, power, maintenance, etc), farmworkers were
provided with mobile phones, instruction on basic phone use
(eg, how to turn the phones on-off), and trouble-shooting of
technical issues (ie, how to deal with frozen screens) prior to
starting the pilot intervention. Participants were then taught how
to use the jProtgjase! mHealth app, including how to respond
todaily surveys. Farmworkerswere also provided the optimized
PPE (long-deeved shirts, gloves, and safety glasses). Additional
training was provided to farmworkers on the correct use of PPE
with tips for increased comfort and wear while working in the
fields. Each training session took approximately 45 minutes.
Finally, atoll free number with 24-hour accessibility to project
staff was provided to participants to call if they had questions
or issues with mobile phones or PPE for the duration of the
study. Participants were given a US $15 participant Wal-Mart
gift card and were able to keep the PPE after the pilot study
concluded.

To ddliver individually and dynamically tailored messages to
each person in the pilot study, ashort daily survey was delivered
via the jProtejase! mHealth app at the end of each work day.
The survey assessed information for that current day, including

http://mhealthjmir.org/2016/2/e28/

work hours, the type of work performed, the type of crop
harvested, pesticide application, PPE use, reasonswhy PPE was
worn (or not, tailored to responses), and farmworkers
perceptions of work safety. After completing the survey,
farmworkers received an individually tailored message based
on their responses to the survey for that day. As alluded to
earlier, messages were designed to be responsiveto all possible
combinations of PPE use scenarios, risk beliefs, and work tasks.
To accomplish this without becoming repetitive (particularly
inthe context of repeated PPE failuresin the same domain), the
app contained 5 different messages per potential scenario to
prevent the same message being delivered if participants
engaged in the same behaviorsfor more than one day (messages
could, however, repeat after 5 instances). As an example of
messagetailoring, if aparticipant indicated that protective gloves
were not worn, they were prompted to provide the reason the
PPE was not worn (eg, forgot to wear them, too hot,
uncomfortable, slowed productivity, etc). We also assessed any
perceived difficulties or negative consegquences of wearing PPE,
if worn. When participantsindicated, for example, that they did
wear glovesthat day, they were prompted to “ Please let us know
if you experienced any of the following challenges while
wearing your gloves today” and could indicate if glove use
slowed productivity, was too hot, uncomfortable, etc. Answers
to the completed survey were then assembled and matched to
amotivational cue specifically tailored to remind the participant
to wear the appropriate type of PPE (in this example, gloves)
the following day. Motivational messages were provided on a
daily basis, and included reminders to wear PPE, information
about the health risks of pesticides, and helpful tipsto use PPE
effectively to remain safe at work (Figure 2 shows an example).
The pilot test was implemented daily over a 30-day period.
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What kind of work did you
do today?

today?
Check all that apply.

Check all that apply.

+ | Onions

Melon
+| Harvest

) Berries
Weeding

Apples
Thinning

Peaches
Pruning

Squash
Planting

Cotton
Pesticide Application

Citrus
Other

Espiga

Other

Previous Previous

What crops did you work

Next we will ask you
about what PPE you
used at work today.

Did you wear gloves to
work all day today?

Previous

Even though you wore
your gloves today, we
know that there are
sometimes challenges to
wearing them.

Please let us know if you
experienced any of the

following challenges‘

while wearing your
gloves today.

What is the MOST
IMPORTANT safety factor
that you considered while
you were working TODAY?

Wearing gloves slowed Choose only one answer.

my pace of work today.

My most important safety
factor today was:

‘ o) to preventinjuries, falls, cut
— Or scrapes
to stay cool and dry, and
prevent heat exhaustion.
protecting myself from

—

Today, your long pants and
boots protected the skin on
your legs and your feet against
pesticides, BUT the rest of your
body was not protected
Scientists know that pesticides
can cause serious illnesses,
like cancer to you and to your
family. You can keep pesticides
off and protect your health
when you wear ALL your

Previous

Previous

protective clothing while you
work

_ ]&‘

~ pesticides.
protecting my family from
~~ pesticides.
| was not concerned about
safety today

Previous

Step 6

Finaly, we evaluated the feashility and preliminary
effectiveness of jProtgasel in step 6. To evaluate the
intervention, baseline and follow-up surveyswere used to assess
feasibility characteristics as well as change in PPE use in
responseto theintervention trial. Feasibility assessment included
perceived barriersto PPE use, lossto follow-up, comprehension
of mHealth messages, survey and message delivery time and
frequency of messages, ease or difficulty of mobile phone use,
battery life, and phone screen issues (such as freezing and font
size). Additionally, all participants who completed the entire
30-day intervention participated in one focus group at the close
of theintervention to provide open feedback on theintervention
feasihility.

The Analysis

For analyses, basic descriptive statistics assessed average
percentages and ranges. Additionaly, Pearson’s linear
correlations and simple linear regression were used to
understand rel ationships between barriersin mobile phone use
and mHealth assessment since the intervention. Linear
associations were analyzed controlling for potential influence
of income, education, and mobile phone ownership as each
could affect barriers to mobile phone use among participants.
For qualitative analyses of the evaluation focus groups, data

http://mhealth.jmir.org/2016/2/e28/

were coded by two independent coders and underwent thematic
content analysis. Coding and analysiswasiterative, and themes
were derived by frequency of codes (most occurring concepts),
repetition of perceptions across subjects and groups, and
consensus of perception by farmworkers demographic
attributes. To assess concepts across groups and attributes, codes
were linked and explored for patterns based on demographic
profiles to compare and identify common themes among
participants.

Results

Intervention Enrollment

A total of 55 farmworkers were enrolled and began the
intervention trial, with 41 (75%) completing the 30-day study.
Evaluation of the intervention is based on the sample (n=41)
that completed the trial and were available at follow-up.
Participant characteristics at baseline and follow-up areincluded
in Table 2.

Farmworker Mobile Phone Use

All participants identified as Mexican or Mexican-American.
There was high preexisting mobile phone usein this popul ation
both in the enrollment sample, and in the sampl e that compl eted
the entire intervention trial. Among farmworkers who owned
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amobile phone, (n=14/34) 41% indicated using it on aregular  basis for phone calls to-and-from family and friends.

Table 2. Demographic profile of jProtéjase! feasibility study participants at baseline (n=55) and follow-up (n=41).

Baseline Follow-up
n % n %

Language

Spanish 52/55 95 39/41 95

English 3/55 5 2/41 5
Sex

Mae 31/55 56 23/41 56

Female 24/55 44 18/41 44
Place of birth

Mexico 48/55 87 39/41 95

United States 7/55 13 2/41 5
Age

<20 3/55 5 v41 2

21-30 28/55 51 22/41 54

3140 14/55 26 11/41 27

41+ 8/55 15 6/41 15

Don’t know/refused 2/55 3 Va1 2
Education completed

< 8 grade 24/55 a4 17/41 a2

o 11" grade 13/55 24 10/41 24

12" grade or GED 12/55 22 10/41 24

Some college baccal aureate 3/55 5 2141 5

Don't know 3/55 5 2/141 5
Annual Income (US)

< $10,000 28/55 51 21/41 51

$10,000-$14,999 10/55 18 8/41 20

$15,000-$24,999 5/55 9 3/41 7

Don't know 12/55 22 9/141 22
Owned a mobile phone for personal use

Yes 41/55 75 34/41 83

No 13/55 24 6/41 15

Don't know 1/55 1 va 2
M obile phone use (among those who own a mobile phone)

Always 10/41 24 934 26

Sometimes 6/41 15 5/34 15

Hardly 25/41 61 20/34 59

Personal Protective Equipment Satisfaction and

Acceptability

The overwhelming majority of participants were pleased with
the PPE and mHealth messages. The long-sleeved shirts were

http://mhealthjmir.org/2016/2/e28/

RenderX

described as*“...good, [well] ventilated and fresh (...estababien,
tenia ventilacion, estaba fresca)” because it “kept [them] dry
and free from sweat (...mantenia seco...sin sudor)”. Safety
glasses were seen as awel come addition as they were provided
in varioustints, “were ventilated (estaban ventilados)” and did
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not “fog”. Gloves were generally liked because, in addition to
protecting hands, they “limited rashes’ among harvesters.

A small number of barriers were reported that limited practical
PPE use. In the case of long-sleeved shirts, issues were only
related to sizing. A participant reported “[their] shirt was very
large [and] uncomfortable [because] the sleeveswould get stuck
and become bothersome (la camisa estaba muy larga...[y] era
incomoda|...]se atorabd...]y estorbaban las mangas)”. Other
barriers to PPE use were crop specific to cilantro harvesting,
which required the modification of gloves to allow bunching
and tying of the crop. A participant expressed this sentiment
noting, “gloves did not work well for cilantro...they only work
well for certain tasks (los guantes noJ...]sirvieron mucho...[son
buenos para ciertas cosas])”. To deal with the practical issues
of glove use with cilantro, participants often modified gloves
by cutting off the tips on the thumbs and index and middle
fingers, giving them the dexterity they needed to bunch and tie
the crop in the field, while maintaining some (more limited)
degree of protection. It should be noted that participants
indicated that prior to the intervention, they did not wear gloves
at all while harvesting cilantro, but wore them in a modified
way after provision by the jProtéjase! program.

An additional barrier with the gloves was that they had high
turnover dependent on the speed and output of the harvester.
Participants also commented that they might need more than 2
pairs of each glove over the 30 day timeframe (the average
observed turnover of glovesamong all farmworkerswas 2 weeks
for each pair, suggesting our provision of 2 pairswas aroughly
adequate timeframe for the length of the study period). Despite
the barriers, participants expressed that PPE was beneficial and
important overall.

mHealth Satisfaction and Acceptability

Thedaily survey and PPE motivational messageswere also well
regarded, as indicated by one participant who stated: “the
guestions were easy (las preguntas estaban faciles)” and “[my]
favorite [part] was the messages ([mi parte] favoritafueron los
mensgjes)”. According to participants (see Table 3), the most
useful messages were about the health effects of pesticides and
risk to their family (collectively selected as most useful by
27/41; 66%) and tips and reminders on PPE use (13/41; 32%).
When asked about possible message changes, many participants
(22/41; 54%) liked al risk-reduction messages and felt that no
changes were needed; (n=16/41) 39% liked the messages, but
felt that some refinement (such as small changes in language)
was needed to most effectively increase PPE use. Asan example
of asuggested change, participants found use of theterm “long
pants’ confusing and suggested just referring to them as* pants”
only. Finaly, (3/41) 7% felt that messages were difficult to
read, which appeared to primarily reflect low literacy levels of
some participants. We aso established in focus group
discussions that some participants (7/41; 17%) had trouble
navigating the mobile phones due to literacy issues. In those
cases, five spouses/wives and two children helped participants
complete the daily survey. Each of the seven participants who
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reported literacy issuesin the focus groups said that they were
ableto successfully complete the survey each day in one sitting
because of the help of a family member or spouse to read the
daily survey and messages. See Table 3 for adetailed breakdown
on mHealth message satisfaction.

Barriersto Mobile Phone Use

The primary perceived barrier to the mHealth approach was
difficulty with technical issuesregarding the mobile phone (such
as battery life or freezing of the phone’s screen). The majority
of participants (30/41; 74%) indicated they had no barriersusing
the mobile phone and reported the questions as “being easy
(estaban faciles)”. Of the approximately (11/41) 27% of
participants who reported barriers, these barriers appeared
related to technological challenges in accessing the survey on
the phone. Despite any such barriers, provision of daily surveys
was quite good. Overal, 786/959 (81.9%) surveys were
successfully completed in one attempt, an additional 148/959
(15.4%) surveysin two attempts, and asmall fraction requiring
three or more attempts (25/959; 2.6%).

Our data also show that the average length of time required to
complete the daily survey was moderately associated with
perceived barriers of mobile phone use [r= 0.355; P=.025],
suggesting that participants who reported barriers were more
likely to take longer to complete daily surveys. We note that
both reported barriers and length of time to complete daily

surveys were higher in farmworkers with less than 8" grade
education; even in this group, all completed surveys required
8 minutes or less. Across the entire sample available at
follow-up, the average length of time to complete surveys was
5 minutes.

Study Retention and Mobile Phone L oss

As noted, most participants, (41/55) 75%, were maintained
throughout the 30-day intervention trial. We examined those
lost to the study (n=14). Therewere two participantsthat initially
self-reported as being over the age of 18, and subsequently
reported that they were 17 years old; several were not able to
complete follow-up surveys (n=5) because of travel to Mexico
to visit sick family or friends; and some had lost their work
(n=7), asmigrant labor is seasonal and often unstable. Among
those who lost work, the individuals did not complete the
intervention given that the primary goal of the intervention
eval uation stage was to examine theimpact on PPE use at work,
and we collected data on those participants who worked
throughout the 30 day study period. Overall, attrition did not
appear to be due to “actual” concerns with the intervention or
mHealth procedures, but rather seemed largely driven by
external factors. Participants were asked to return the study
mobile phones at the conclusion of the intervention pilot, and
phone loss was low; (50/55) 90% of phones were returned at
study completion. Even among the 14 participants not
successfully completing the intervention component, 9 (64%)
managed to return the phone to study staff.
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Table 3. mHealth message satisfaction of jProtéjase! feasibility study at follow-up (n=41).

n %
What was the most useful type of information?
Health effects about pesticides 18/41 44
Risks for my family 9/41 22
Reminders about wearing PPE 7141 17
Tips on how to use PPE 6/41 15
Don’t know/not sure V41 2
What impacts did the messages have on PPE use?
A bigincrease in my use of PPE 17/41 41
A small increasein my use of PPE 4/41 10
No change in my use of PPE 9/41 22
Decreased my use of PPE 4/41 10
Don’t know/not sure 7141 17
What did you think of the messages you received?
I liked the messages, no need for changes 22/41 54
| liked the messages, but they need refining 5141 12
Some messages were easier to understand than others 9/41 22
All messages were difficult to read/understand 341 7
Don’t know/not sure 2/41 5
What barriersdid you encounter while using the mobile phone?
None 30/41 73
Difficulty in using/navigating the mobile phone to take survey  1/41 2
Screen of the mobile phone froze 3/41 7
Issues with battery (low battery) 6/41 15
Fonts size made it difficult to read 141 2

Discussion

Principal Findings

iProtéjase! was developed to increase PPE use in Mexican
farmworkers through tailored prevention messages. Our
evaluation showed that the program was viewed by workers as
acceptable and appropriate to their cultural attitudes, and
demonstrated very strong feasibility asan integrated intervention
platform (PPE provision coupled with an individually and
dynamically tailored mHealth motivational app). Satisfaction
with the PPE component of the intervention was primarily linked
to farmworkers consideration that the PPE was comfortable
and would not (or minimally) negatively impact work
productivity. Also, the individualized messages were perceived
asmost hel pful when they communi cated health risks, or placed
messages in the context of how to protect the family.

Previous literature strongly suggests that farmworkers often
perceive PPE as disruptive to work efficiency and, when this
isthe case, farmworkersare not inclined to wear it. For example,
Quandt et al [18] report that almost half of 197 farmworkers
did not wear safety glasses because they prevent workers from
distinguishing between the leaf colors of plants during harvest.

http://mhealthjmir.org/2016/2/e28/

A more recent intervention by Strong et al [19] reported that
although pesticide safety knowledge scoresincreased in response
to an intervention, change in glove and safety glasses use were
unchanged because of impractical PPE. Moreover, theliterature
also strongly recommends that the impractical function of PPE
is a primary barrier that must be overcome to boost pesticide
safety behaviors among farmworkers[20].

iProtéjase! begins to respond to the challenge about PPE
impracticality by providing farmworkers with PPE that the
workers perceived as comfortable to wear, but that did not
meaningfully slow their production. Moreover, farmworkers
felt that having comfortable PPE increased their use of it. This
isnotable, asitiswell established that PPE has the potential to
significantly lower pesticide exposure levels [2-6]. If
farmworkers are able to increase their PPE use through the
provision of high quality PPE (and the receipt of appropriate
risk messaging through a mHealth app or the receipt of
appropriate risk messaging through a mHealth app, discussed
below), it islikely that their exposures may also be reduced.

Additionally, farmworkers responded well to the messaging
components of the study, and the majority of participantsfound
the mHealth platform on provided mobile phonesaviable option
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for their daily use. Thismay be due, at least in large part, to the
substantial preexisting ownership of (and, presumably,
familiarity and comfort with) mobile phones. This, coupled with
previous research demonstrating that farmworkers have broad
access to mobile phones [9], suggests that mHealth may hold
tremendous potential as a platform for interventions for
farmworkers. We did not, however, attempt to use participants
own mobile phones in our study to avoid an array of logistical
issues (eg, software and other procedural features need to work
correctly across different phone operating systems and versions,
various screen sizes, compatibility among various platforms,
etc); rather, for thisinitial study, we provided all participants
with phones for use during the study period. As such, future
work should evaluate the use of personal phones in order to
more readily be able to bring interventionsto scale.

Finally, we established that farmworkers were willing and able
to fully participate in mHealth programs to increase PPE use.
Others have previously suggested that as technology becomes
increasingly familiar to farmworkers, that mHealth
approaches/services have tremendous potential to provide access
to awide range of their health care needs [9-11]. In the future,
mHealth interventionslike jProtéjase! may provide aframework
that can be replicated and feasibly applied to a broad array of
public health issues, ranging from health promotion to
interventional behavior modification for chronicillness. In this
regard, utilizing a mHealth approach to collect data from
farmworkers as they go about their daily lives may be an
important new area that strengthens existing work in that
population by enhancing the accuracy and ecologica validity
of behavioral reportsin safety and health research.

Limitations

Although participants largely viewed our intervention as
successful, there are areas for improvement. For example, our
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intervention language was created at a 5th grade level of
education. Despite this, workers recommended tailoring
language and making the intervention more accessible for
low-literacy workers. National estimates suggest that
farmworkers generally have low-levels of education [8] and
most farmworkers in our study had less than a high school
education. Although only (3/41) 7% of participants had issues
with reading the messages, future versions of our program may
be able to resolve literacy issues by using voice automation to
improve its acceptability in low-literacy workers. Automated
programs have proved largely successful in other mHealth
studiesfor low-literacy farmworkers[10,11] and might improve
thefeasibility and implementation of our program. We a so note
that messages in future versions of our program might be
extended to encompass additional safety domains. For example,
to remind workers when they should wash and launder their
PPE, as PPE is most effective when it is clean. Finally, we note
that this study takes placein Texasonly, and hasasmall sample
size. Our findings may not be generalizableto all farmworkers.

Conclusions

In summary, the use of an integrated intervention approach,
coupling the provision of optimized PPE with a supportive
mHealth app, to deliver jProtéjase! to farmworkers was
well-received, and we see this approach as an innovative way
to engage farmworkers for pesticide protection. Additionally,
mHealth approaches like jProtéjasel might serve as model
programs that could be altered to address other health issuesin
farmworker populations by dynamically tailoring messages to
their specific daily needs. In this regard, the mHealth platform
can be a useful design for integrating culturally appropriate
health messaging and data collection for pesticide safety and
health information delivery.
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Abstract

Background: Resource-limited communitiesin Washington, D.C. have high rates of obesity-related cardiovascular diseasein
addition to inadequate physical activity (PA) facilities and limited Internet access. Engaging community members in the design
and implementation of studiesto addressthese health disparitiesis essential to the success of community-based PA interventions.

Objective: The objective of the study wasto use qualitative and quantitative methods to eval uate the feasibility and acceptability
of PA-monitoring wristbands and Web-based technology by predominantly African American, church-based populations in
resource-limited Washington, D.C. neighborhoods.

Methods: To address cardiovascular health in at-risk populationsin Washington, D.C., we joined community leadersto establish
a community advisory board, the D.C. Cardiovascular Health and Obesity Collaborative (D.C. CHOC). As their first initiative,
the Washington, D.C. Cardiovascular Health and Needs A ssessment intendsto eval uate cardiovascul ar health, social determinants
of health, and PA-monitoring technologies. At the recommendation of D.C. CHOC members, we conducted a focus group and
piloted the proposed PA-monitoring system with community members representing churches that would be targeted by the
Cardiovascular Health and Needs A ssessment. Participants (n=8) agreed to wear a PA-monitoring wristband for two weeks and
to log cardiovascular health factors on a secure I nternet account. Wristbands collected accel erometer-based data that participants
uploaded to awireless hub at their church. Participants agreed to return after two weeks to participate in amoderated focus group
to share experiences using thistechnol ogy. Feasibility was measured by Internet account usage, wristband utilization, and objective
PA data. Acceptability was evaluated through thematic analysis of verbatim focus group transcripts.
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Results: Study participants (5 males, 3 females) were African American and age 28-70 years. Participant wristbands recorded
data on 10.1+1.6 days. Two participants logged cardiovascular health factors on the website. Focus group transcripts revealed
that participants felt positively about incorporating the device into their church-based populations, given improvements were
made to device training, hub accessibility, and device feedback.

Conclusions: PA-monitoring wristbands for objectively measuring PA appear to be a feasible and acceptable technology in
Washington, D.C., resource-limited communities. User preferencesincludeimmediate device feedback, hands-on devicetraining,
explicit instructions, improved central hub accessibility, and designation of a church member as a trained point-of-contact. When
implementing technology-based interventions in resource-limited communities, engaging the targeted community may aid in
early identification of issues, suggestions, and preferences.

ClinicalTrial: Tria Registration: Clinical Trials.gov NCT01927783; https://clinicaltrial s.gov/ct2/show/NCT01927783 (Archived

by WebCite at http://www.webcitation.org/6f8wL 117u)

(JMIR mHealth uHealth 2016;4(2):€38) doi:10.2196/mhealth.4489
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Introduction

Cardiovascular Diseasein the United States

Cardiovascular disease (CVD) isthe leading cause of death in
the United States [1]. It is recognized that modifiable lifestyle
risk factors, including insufficient physical activity (PA), are
associated with increased risk of adverse health outcomesfrom
CVD [2,3]. Despite the considerable health benefits associated
with regular participation in PA, less than 25% of US adults
meet the prescribed PA guidelines of at least 30 minutes of
moderate-intensity aerobic activity five days per week, 20
minutes of vigorous-intensity aerobic activity three days per
week, or an equivalent combination of the two, plus
muscle-strengthening activities on at least two days per week
[4]. Of particular concern are individuals in economically
disadvantaged and resource-limited communities, who are more
likely to report being physically inactive and suffer
disproportionately from obesity and obesity-related
cardiovascular risk factors [5-7].

Physical Activity I nterventions

Recognizing the potential for broad impact and sustainability,
recent work has promoted population-based strategies for
improving PA levels [8]. Community-based programs may be
an effective population-based strategy for delivering PA
interventions in underserved, economically disadvantaged
communities, as they have demonstrably leveraged the local
built environment and empowered community members [9].
Methods for implementing a PA intervention in a
community-based setting vary across studies. In a review of
existing community-based interventions promoting PA and
healthy eating, al studies targeting adult populations
implemented a PA component [10]. Of those PA interventions
set in specifically resource-limited communities, most relied
on self-report and did not include objective PA measures (eg,
accelerometers, pedometers) [10]. Of the reviewed interventions
set in specificaly resource-limited communities, none used
emerging health technologies that provide feedback, such as
wrist-worn electronic activity monitors to objectively measure
PA.

http://mhealthjmir.org/2016/2/e38/

Wearable, electronic activity monitors have been identified
recently as a potential tool to integrate into population-based
PA interventions [11,12]. Electronic activity monitor systems
have been defined previously as a wearable device that
objectively measures lifestyle PA and can provide feedback,
beyond the display of basic activity count information, viathe
monitor display or through a partnering application to elicit
continual self-monitoring of activity behavior [13]. They offer
the potential to extend PA interventions beyond the clinical
setting to those with limited access to care; however, the
feasibility of incorporating electronic activity monitors and
Web-based technology as part of a PA intervention in
community-based settings is unknown. Thus, evidence-based
PA interventions that use technology in resource-limited,
community-based programs  warrant investigation.
Understanding how electronic PA monitors can be optimized
in community-based interventions may reveal opportunities to
increase PA, to reduce cardiovascular (CV) health disparities,
and to improve clinical outcomes among economically
disadvantaged populations.

Community leaders in our target population proposed the
engagement of church membersto pilot test the feasibility and
acceptability of using technology to evaluate health behaviors
in the resource-limited Washington, D.C., communities.
Therefore, we conducted a mixed methods pilot study to: (1)
evaluate the use of an electronic PA-monitoring wristband for
objectively measuring PA and the use of Web-based technology
for monitoring CV health factors; (2) illuminate advantages and
disadvantages of implementing technology-based PA
interventionsin aresource-limited setting; and (3) explore how
community-based participatory research (CBPR) can shape PA
interventionsin resource-limited, community-based programs.

Methods

Study Approval

The NHLBI Ingtitutional Review Board (National Institutes of
Health, NIH, Protocol 13-H-0183) approved the CV Health and
Needs Assessment and the CV Health and Needs A ssessment
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Qualitative Study. All participants provided written informed
consent.

Study Design

We conducted a CBPR mixed methods study that incorporated
a moderated focus group and pilot testing of a two-part
PA-monitoring system: a PA-monitoring wristband (Dynamo
Activity Tracker, Oregon Scientific, Tualatin, OR) with a
centralized hub for data download in acommunity location, and
a secure Internet account for manual tracking of CV health
factors (Vignet Corp, McLean, VA). Figure 1 shows the data
collection process. The particular PA-monitoring system
featuring a Health Insurance Portability and Accountability
Act-compliant centralized hub was selected to address secure
data transfer issues and potential technology access barriers.
The selected system made secure uploading and viewing data
possible for al participants regardless of computer, mobile
device, or Internet access.

To consult on the planning and implementation of a
community-based initiative, we established the D.C. CV Health
and Obesity Collaborative (D.C. CHOC), acommunity advisory
board (CAB) comprised of a diverse group of community
leaders, church leaders, and coinvestigators. It was at the

Yingling et a

recommendation of members of the D.C. CHOC that we
conducted a focus group and pilot testing with a sample from
thetarget church-based population for feedback on the proposed
PA monitor, prior to testing on a larger population in the CV
Health and Needs Assessment. The pilot testing that isthe focus
of this study was called the CV Health and Needs Assessment
Qualitative Study.

The focus group was conducted after two weeks of PA
monitoring, atesting period commensurate with similar mobile
and mobile phone-based activity tracking studies [14,15]. The
moderator(s) sought insight into participants experiencesusing
thewrist-worn PA monitor, the hub for PA monitor data upl oad,
and the Web-based account for monitoring PA and other CV
health factors. The outcomes of interest in our study were: (1)
feasibility of the PA monitoring system as measured by I nternet
account input, wristband utilization frequency, and objective
PA data and (2) acceptability of the system as measured by
results of amoderated focus group discussion designed to elicit
participants’ opinions about their experiences with the device
and to prompt their suggestions for incorporating similar
technologies in future behavioral weight loss interventions
within their communities.

Figure 1. Secure data collection process; Cardiovascular Health and Needs Assessment Qualitative Study, 2014. HIPAA: Heath Insurance Portability

and Accountability Act.
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Study Population

Participants were recruited from December 2013 to January
2014 from three churchesin Wards 5, 7, and 8 of Washington,
D.C. These are three Washington, D.C. wards with a median
household income significantly lower than all of Washington,
D.C. and whereresourcesfor PA and healthy nutritional options
are most limited [16]. Participants were congregants at one of
the participating churches, age 19-85 years, provided informed
consent, and possessed sufficient English language proficiency
to carry out study tasks. No more than 15 participants were
recruited for the study, and 7-9 participants were anticipated, a
total that is within the recommended range for qualitative
research group discussion and is comparable to other mobile
health (mHealth) and electronic health (eHealth) initial pilot
testing groups [14-18].

Yingling et a

Physical Activity Monitoring System

Physical Activity Monitoring Wristband

Each participant was provided a wrist-worn wireless activity
and sleep wristband to collect and self-monitor PA and sleep
duration for two weeks. A thirty-minute wristband training
session was provided on the day of device distribution, and a
written instruction manual (Figure 2 showsthis) was distributed
to al participants.

Thewrist-worn PA monitor collected accel erometer-based data
on the amount and intensity of PA (eg, steps taken, calories
burned, distance travelled, and minutes of vigorous activity).
Thewristband used acol ored-light system (Figure 3 showsthis)
to communicate PA progress to the participant. Though
participants were instructed not to modify their routine PA, the
wristband featured a preset goal of 30 minutes of vigorous
activity throughout a 24-hour period. Pressing the wristband
button prompted the wristband light to display a specific color.
The various colors indicated sleep mode, battery depletion, or
progress toward PA goals.

Figure 2. Instruction manual (page 1) for syncing physical activity-monitoring wristband with hub; Cardiovascular Health and Needs Assessment

Qualitative Study, 2014.

Cardiovascular Health and Needs Assessment in Washington D.C. VVW

Instruction manual for syncing your wristband

These instructions will guide you through syncing (connecting) your
wristband with the Vignet hub. You will needto wear your wristband for the
entire 2 week study period. You are requiredto return your wristband at the
end of the study when you sync your wristband with the Hub for the last
time.

Sync (Connect) yourwristband to the Hub for Data Upload

1. Stand in front (or within 5 feet) of the Vignet Hub.

2. Press and hold the button on your wristband.

)

R S B

3. Ared, green, yellow, or blue light will appear when you are holding
the button. These colors tell you your level of physical activity as
describedat the end of this instruction manual.
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Figure 3. Physical activity-monitoring wristband colored light system; Cardiovascular Health and Needs Assessment Qualitative Study, 2014.
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five colors.
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At/beyond goal
230 minutes of vigorous activity

75-99% of the goal
23-29 minutes of vigorous activity

50-75% of the goal
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< 50% of the goal
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Goodnight!
Sleep mode

Wristband has a preset goal of 30 minutes of vigorous activity during 24-hour period.

Physical Activity Monitoring Data Collection

All participants uploaded recorded PA and sleep datawirelessly
from their wristband devices to the centralized hub on the final
day of the study. The hub captured and transmitted the previous
fourteen days of PA data. After a successful upload, the hub
displayed the past 24-hours of PA data to the participant.

Participants were able to synchronize their wristbands with the
hub at any point during the study period. After successfully
synchronizing their wristbands with the hub, participants had
accessto their recorded PA accelerometer-based datain addition
to al self-logged data on a website. Figure 4 shows the
wristband synchronizing process. A hub was provided to each
church.

Figure 4. Physical activity-monitoring wristband with hub; Cardiovascular Health and Needs Assessment Qualitative Study, 2014.
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Internet Account for Tracking Physical Activity Data

Each participant was provided with a secure account (using a
deidentified username and password) on a website associated
with the PA-monitoring wristband. Participants were trained
on general website use and how to log self-reported PA, weight,
dietary intake, heart rate, blood pressure, and blood glucose
levels, if measured. Self-reporting of these measures was
optional, and participants could do so from a persona or
church-based computer. Investigators monitored usage of the
wristband and website by collecting deidentified data from a
website during the two-week study.

Focus Group

At the end of the two-week period, participants participated in
a moderated focus group to provide feedback on their
experiences using the PA-monitoring wristband, the hub, and
the Internet account. Participants were remunerated with aUS
$25 gift card, compatiblewith time required for the focus group.

One moderator, who acted as a facilitator, led the focus group.
There were two comoderatorsthat assisted with the focus group.
The moderator led the discussion using a Moderator’'s Guide
(see Multimedia Appendix 1), which included preselected
guestions and probes. The questionswere grouped in categories
recommended by Krueger [19]: opening, introductory, transition,
key, and closing. The comoderators recorded notes, made
observations, and managed the eguipment (tape recorder,
microphones, etc).

Quantitative Data Analysis

Quantitative accelerometer-based data were collected from all
participants’ wristbands on the final day of the study. All
guantitative analyses were performed in SASversion 9.3 (SAS
Ingtitute Inc, Cary, NC, USA).

Wristband and Website Utilization Frequency

Wristband utilization frequency was measured by the number
of days with wristband-measured activity. The number of
self-logged entries per participant measured Internet account

usage.
Objective M easurements

Quantitative data included steps taken (measured in strides),
distance travelled (measured in miles), vigorous activity
(measured in minutes), calories burned (measured in
kilocalories), and deep time (measured in hours). Thefina day
of collected datawas omitted fromthe analysis, asit represented
only apartial day and likely was not representative of atypical
full day’s PA measurements. Days with no recorded PA data

http://mhealthjmir.org/2016/2/e38/
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were considered “missing” and were not included when
calculating average PA measures per day.

Qualitative Data Analysis

The focus group was audio-recorded, and the recording was
transcribed verbatim by an independent clinical research
organization (Social Solutions International, Inc, Silver Spring,
MD, USA). A member of the research team, who listened to
the audio files to verify they were transcribed verbatim,
performed an internal reliability check on the transcript. As a
preliminary step in the qualitative thematic analysis, four
members of the research team developed a codebook, or
dictionary of themes, based on participant responses. Four
coders, who independently reviewed the interview transcripts,
assessed evidence of each code or theme. Each coded theme
was accompanied by an operational definition that allowed for
clarity and consistency in the coding process. After data were
transcribed and cross-checked by the four coders, NVivo
(version 9.0) was utilized for further qualitative analysis.
Discordant coding was discussed until consensus among the
four coders was achieved. Once the iterative process of
consensus building was complete, an NIH intramural qualitative
research expert validated the themes and coding.

To ensure that the trustworthiness of the qualitative data was
preserved, three criteria were used to assess rigor:
“creditability”, “auditability”, and “fittingness’ [20], as shown
in Multimedia Appendix 2 (see Multimedia Appendix 2). An
intramural mixed methods expert, to ensure creditability,
validated thethemes (ie, truth of thefindings) [20]. To maintain
auditability (ie, “the adequacy of the information leading the
reader from the research question and raw datathrough various
steps of analysis to the interpretation of findings’) [20] and
fittingness (ie, “faithfulnessto everyday reality of participants’)
[20] of the qualitative data, a thorough description of the
interview setting was reported and selected quotes that are
illustrative of each designated theme are displayed in the tables
to highlight pertinent findings.

Results

Demographic Characteristics

There were eight individuals that participated in the two-week
pilot testing period and the subsequent focus group. Among the
participants, 63% (5/8) were male, the mean agewas 53.3 +12.2
years, all participants were African American, and all attained
higher than a high school education. Demographic
characteristics for the study population are presented in Table
1
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Table 1. Participant baseline characteristics in the CV Health and Needs Assessment Qualitative Study, 2014 (n=8).

Variable
Sex, n (%)
Female 3/8(37)
Male 5/8 (62)
Age, years
Mean (SD) 53.3(12.2)
Range, years 28-70
Race, n (%)
Black/African American 8/8 (100)
Marital status, n (%)
Single 18 (12)
Married 7/8 (87)
Education, n (%)
Some college 3/8 (37)
College degree 2/8 (25)
Technical degree 1/8(12)
Graduate/professional degree 2/8 (25)
Annual household income US (n=7), n (%)
< $60,000 2/7 (28)
> $60,000 517 (71)

Quantitative Data

Wristband and Website Utilization Frequency

Of the 13 possible full days of PA-monitoring wristband
readings, participant wristbands provided readings for 10.1 £
1.6 days. Most participants (63%, n=5/8) registered 10 days or
more of PA data. There were five participants (63%, n=5/8)
that utilized the wristband’s sleep function more than once. Due
to a system issue, depleted battery, or lack of participant
compliance, only 12% (n=1/8) of participants had a complete
13-day dataset. There were two participants (25%, n=2/8) that
used the website to track additional CV-related health factors
by logging body weight, blood glucose level, PA minutes, and
hours of sleep, or hours of sleep.

Objective Measurements

Figure 5 shows average daily steps, distance, calories burned,
and vigorous minutes for each participant. For the dayson which

http://mhealthjmir.org/2016/2/e38/

steps were registered, mean steps per day among participants
was 8693 + 3124 steps. Among participants, the maximum steps
per day were 15,417 + 3420 steps and the minimum was 4155
+ 2323 steps. For the days on which data were measured, mean
distance travelled per day among participants was 4.40 + 1.36
miles, mean calories burned per day was 210 + 76.6 calories,
and mean vigorous activity minutes per day among participants
was 5.13 + 4.47 minutes. There were six participants (75%,
n=6/8) that registered at least one day with no vigorous activity
minutes.

Qualitative Data

There were eight themes that emerged from the focus group
and are shown in Textbox 1. Selected quotes from participants
associated with each theme and subtheme are presented in Table
2.
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Figure5. Quantitative participant (n=8) wristband data— Cardiovascular Health and Needs Assessment Qualitative Study, 2014. M=Mean; a) Overall
average steps, M (SD) = 8693 (3124) strides per day; b) Overall average distance, M(SD) = 4.40(1.36) miles per day; c) Overall average calories burned,
M(SD) = 210(76.6) calories per day; and d) Overall average vigorous activity minutes, M(SD) = 5.13(4.47) minutes per day.

a) Average steps (strides) per day among participants in the CV Health and b) Average distance (miles) per day among participants in the CV Health and
Needs Assessment Qualitative Study, 2014 Needs Assessment Qualitative Study, 2014
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Textbox 1. Focus group themes and subthemes - CV Health and Needs Assessment Qualitative Study, 2014.

Feedback
« Desirefor immediate device feedback

« Accessihility of feedback about PA

Design of PA Monitor
«  Physical discomfort
o  Festures

Ambiguity over project goals

| ssues about hub

Website for supporting PA monitors
Feasibility of using PA-monitoring system

Suggestions for improvement
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Table 2. Focus group themes, subthemes, and quotes - CV Health and Needs Assessment Qualitative Study, 2014.

Theme and subthemes

Ilustrative quotes

Feedback

Desirefor immediate de-
vice feedback

Accessibility of feedback
about PA

Design of PA monitor

Physical discomfort

Features

Ambiguity over project goals

Recording PA

I ssues about hub

Website for supporting PA monitors

Feasibility of using PA-monitoring system

Suggestions for improvement

That's the fundamental problem...there's no immediate feedback...\We need some kind of
feedback besides these lights. [Male, age 49]

| was thinking about what [participant name] said about the vibration...Maybe something to
vibrate when I’'m at 50, 60 or 100% [of daily recommended physical activity]. [Male, age 55]

And I’'m not always near a hub so the only feedback | had were those lights. [Male, age 49]

The definition of what's vigorous...What does that really mean? | work out 45 minutes every
day. | lift, do treadmill and do crunches but my arm’s not moving enough for you. [Male, age
55]

| had no way to clip thisdevicelike clip on my watch...During the day | always had to touch
it to make sureit didn’t come off. Maybe a different kind of clamp with like awatch clamp.
[Male, age 55]

| had major skinirritations from it. From the metal part that touched my arm. | still have irri-
tation now. [Female, age 59]

Even though it says purple sometimes it |ooked more like red to me, so | don’t know...The
colors should be more distinct. [Male, age 49]

The device was kind of bulky around my wrists. | was trying to put my shirt on, move the
device up and down my wrist to make sure | could get my shirt over it or keep my shirt over
top of it. [Male, age 55]

What | understood...is that you measure what you do normally; don’t do anything extra or
less. [Female, age 62]

The goal of thiswas to show the green. That’swhy | thought we were working so hard to get
it done. [Male, age 55]

We just took the band off to sleep because...the light was a problem the first night...When |
went on the computer, | put how many hours | slept. [Female, age 62]

A lot of my activity’sin the water, and since we couldn’t do that you have to put themin the
computer. [Female, age 62]

[Our hub] didn’t work at our church at all. [Female, age 69]

We had to go outside to one of our other buildingsto try and sync it...Thetiming trying to get
it just right between the two services [was challenging]. [Male, age 59]

| couldn’t pull it up on my phone, which iswhere | am most of the time. [Female, age 43]

| would have preferred to have an app. [Male, age 49]

| think a centrally located areain church that’s not lock-and-key will make the user...more
like, “Okay, | can sit there and download it”, not have to run around, “Who has the key?”,

they stand there while you're doing it, then they lock up the room when you leave. [Male, age
55]

| was as at church but not able to get to the actual [hub], because where | was located at that
point in time. Because...you know | have alot going on. Soit'slike | can get it this point in
time or just can't. [Female, age 62]

You may want...a point person in the church that has been trained in the docking system, so
they don’'t haveto call you all thetime, train somebody in the church so they can troubleshoot
for you rea quick. [Male, age 55]

Maybe social media...so we can share our results. [Male, age 49]

Focus Group Themes

Regarding the PA monitor design; participants raised concerns
about physical discomfort and the monitor features. Some

Regarding the feedback theme, multiple participants reported
a desire for immediate, more accessible feedback
complementary to the colored lights on the wristband.
Additionally, participants tended to be disappointed with their
personal vigorous activity minutes and requested more
information on the types of activity that would register as
vigorous.

http://mhealthjmir.org/2016/2/e38/

participants recommended a different clasp to prevent accidental
detachment, and two participants experienced skin irritation
where the wristband was secured. Severa participants
experienced difficulty differentiating between the colored lights,
and afew participants found the wristband to be bulky in size.

An overarching theme was the ambiguity of the project goals
outlinedintheinitial training. During training, participantswere
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instructed not to modify their routine PA; however, the preset
30-minute vigorous activity goal of the wristband led some
participants to modify their activities in pursuit of “show[ing]
green” by reaching 30 minutes of vigorous activity in asingle
24-hour period. In relation to the theme of recording PA, those
participants who engaged in activities not measured by the
wristband (eg, water sports, weight lifting, etc) preferred if the
wristband would have captured all PA, regardless of its nature.

Participants al so discussed i ssues about the centralized hub and
itsavailability for synchronizing. There was one participant that
reported that the hub did not work at his church, which restricted
synchronizing during the two-week period. At another church,
the hub was reported to be inconvenient to access.

Regarding the website for supporting the PA monitor, most
participants reported no use of the site and preferred alternative
options for manua entries and self-monitoring, including a
mobile phone application (app) for tracking CV health factors
and PA. With regards to implementation of the PA-monitoring
system, participants suggested identifying atrained point-person
for each church, and sharing PA data through social media to
add a competitive element and an aspect of support.
Additionally, participants reported that the feasibility of the
PA-monitoring system would be contingent on the
implementation of specific changes, such as moving the hub to

http://mhealthjmir.org/2016/2/e38/
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a central area, extending hub hours, and identifying a
point-person within the church for expedited troubleshooting.

Changes Made

The changes made for future testing of the PA technology in
Washington, D.C., community-based populations based on the
qualitative focus group data are documented in Table 3. We
addressed several concerns by modifying how the PA wristband
monitor training was conducted in the larger Washington, D.C.,
CV Health and Needs Assessment. We aso revised the
information provided during the PA wristband monitor training
and in the wristband instruction manual. Addressing the
ambiguity of “vigorous activity”, we provided a clearer and
more relatable definition of vigorous activity to participants (ie,
activities that require hard physical effort and cause large
increases in breathing or heart rate such as running; aerobics;
using the elliptical machine, with arms; or playing a sport like
football, basketball, soccer, or tennis). To address design
concerns of the PA monitor, we ensured proper wristband
attachment during training and warned participants of potential
skin irritation issues. Participants were advised to wear the
wristband loosely. To address potential misunderstandings of
the colored-light system, weincorporated adetail ed description
of the wristband's colored lights during device training and on
the “Helpful Hints’ sheet, a frequently asked questions sheet
created for at-home reference.
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Table 3. Lessonslearned and changes made for testing PA technology in broader community-based populations.

Theme and subthemes

Changes made

Feedback

Desire for immediate de-
vice feedback

Accessibility of feedback
about PA

Design of PA monitor

Physical discomfort

Features

Ambiguity over project goals

Recording PA

| ssues about hub

Website for supporting PA monitors

Feasibility of using PA-monitoring system

Suggestions for improvement

Taught participants how to use the wristband’s colored lightsto monitor activity minutes
(ie, lights progress through series of colors as participant approaches 30 minutes of vig-
orous activity)

o  Red=lessthan 50% of goal

o Yellow=50-75% of goa

o Green=75-99% of goal

«  Blue=100% or above goal

Provided clear definition of vigorous activity in both the training and instruction manual
(ie, activities that require hard physical effort and cause large increases in breathing or
heart rate, eg, running, aerobics, using the elliptical machine, with arms, or playing a
sport like football, basketball, soccer, or tennis)

Informed participants about wristband-related skin irritation during device training and
in the instruction manual

Instructed participants to wear the wristband loosely if irritation is likely

Ensured that participants latched wristband properly during device training

Incorporated detailed section on the wristband’s colored lights during device training
and on the “Helpful Hints” for at-home reference

Redesigned education component to explicitly state project goals (ie, participants should
continue with routine PA and not change behavior)

Explicitly stated project goals in written instruction materials

Developed two instructional training videos on device and hub usage that were used
during device training and made publically available after the event for participant refer-
ence

Incorporated more hands-on in-person trai ning where participants could use the website,
test wristband lights, and upload wristband data

Instructed participants to test sleep mode during device training

Educated participants on the use of sleep mode, but purposefully did not emphasize its
use

Tested website to manually input sleep and PA during device training

Developed instructional video on recording PA that was used during hub and device
training and was made publically available during the study for participant reference

Corresponded weekly with device company and participantsto identify and troubleshoot
hub issues

Incorporated troubleshooting report sheet next to hub for streamlined reporting
Provided participants with a schedule of “hub hours” and the option to synchronize
wristbands at any of the participating churches

Identified a point-person within church community to aid in troubleshooting minor hub
issues

Incorporated website Q& A and an opportunity to log-in during device training
Corresponded regularly with participants to troubleshoot website challenges

Chose hub locations within churches that were accessible for all participants

Identified point-person within church community to aid in troubleshooting and correspon-
dence between participants and research team during study period

With ambiguity over project goals as an overall participant
concern, we redesigned the written and in-person education
component. In training, we explicitly stated project goals
verbally and in writing. Additionally, we developed two
instructional training videos on device and hub usage that were
used during device training and then made publically available
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after the event for participant reference. We also incorporated
more hands-on, in-person training where participants could trial
the website, test wristband lights, and upload wristband data.

Due to participant concerns about the hub, we improved our
troubleshooting correspondence. We communicated weekly
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with the device company and the participants to identify and
address hub issues, and we incorporated a report sheet next to
the hub for streamlined reporting of issues. To address hub
availability issues, we provided participants with a schedul e of
“hub hours’ and the option to synchronize their wristbands at
any of the participating churches. As per participant
recommendation, we identified a point-person within each
church community to aid in all troubleshooting and to lead
correspondence between participants and the research team
during the study period.

Discussion

Principal Findings

The objective of this mixed methods pilot study was to engage
community members in the evaluation of the feasibility and
acceptability of awrist-worn PA monitor and a CV-health factor
tracking website for measuring PA and tracking CV-related
health factors prior toimplementation in larger groupsin similar
resource-limited, community-based settings. Both quantitative
and qualitative findings revealed that wrist-worn PA monitors
can successfully capture and communicate objective PA data
(eg, steps, miles, calories, and vigorous activity minutes) onthe
majority of days and that, contrary to our anticipation, Internet
account usage for inputting CV-health related factors was
minimal. Strengths and weaknesses of the PA-monitoring system
and the user experience were identified and categorized into
themes, which improved the PA wristband monitor
implementation in our large-scaled studly.

Thisisone of thefirst studies, to our knowledge, to demonstrate
wrist-worn PA monitor systems as a feasible and acceptable
means for objectively measuring PA in resource-limited,
community-based settings. Our findings suggest that using
wrist-worn PA monitors to track PA in resource-limited,
community-based populations appears both acceptable and
dualy beneficia, by providing a feasible way to capture
objective PA data and to communicate feedback on PA levels
to participants. Additionally, we found that community
engagement is critical when integrating new technologies in
community-based, resource-limited settings, asit both enhances
understanding of the community and the technology
environment and aids in identifying strengths and weaknesses
of the proposed intervention.

Wrist-Worn Physical Activity Monitors as Potential
Physical Activity Intervention Tool in
Community-Based Settings

In areview of PA interventions targeting African American
adults, Whitt-Glover et a [21] caled for the use of
community-based interventions, as “utilizing resources within
the community may increase sustainability compared with
laboratory-based interventions’. There is evidence suggesting
that, despite the practical challenges, technology-driven
interventions may succeed in community-based settings [22].
To date, technology-driven PA interventions have incorporated
technology largely in two ways. to capture objective
measurements (ie, pedometers, accelerometers) [21] or to aid
inthe delivery of the PA intervention (eg, Internet or text-based
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interventions, podcasts, mobile apps) [23-26]. Emerging
mHealth technologies, specifically wearables, are becoming
increasingly available and integrated into interventions that
require activity tracking. Few prior studies have tested
wrist-worn activity-tracking monitors in a community-based
setting [21]. Our findings in a community-based setting,
particularly participants frequency of PA monitor use and
recorded steps, compare favorably to recent studies in
noncommunity-based settings testing wearable devices, which
have demonstrated that PA interventions incorporating
wrist-worn PA monitors are feasible and acceptable within
specific populations and can successfully promote and track
PA [11,27,28].

Wrist-worn PA monitorstrack similar quantitative PA data (eg,
steps, miles) asthetools used in previous community-based PA
studies (eg, pedometers, accelerometers), however, they often
have the added benefit of providing comprehensible feedback
to the user, apreference highlighted by participantsin this study.
Feedback from the mHealth wristband was limited in this study;
however, the existence of commercial monitors that provide
continuous real-time feedback increases the options available
to interventionists and could minimize barriers to direct,
real-time feedback. The feedback component provides an
element of self-monitoring, often described asthe “ cornerstone’
of behaviora interventions [29,30]. Early weight management
studies found that more consistent self-monitoring improved
weight control and increased the likelihood of participant
engagement in the full intervention period [31]. In our study,
participants responded positively to afeedback feature, asthey
also found it aided in self-monitoring, afinding similar among
other wrist-worn PA monitor studies [11,27,28]. However,
participants preferred a wristband with a more comprehensive
and accessible feedback system, particularly one with a more
distinct indication of when one enters the “vigorous activity”
zone and when one achieves a certain percentage of the daily
PA goa. Additionally, participants desired improved
accessibility to raw PA data. In our study, participants could
access their PA data on their Internet accounts after uploading
PA datafrom their wristband to the central hub at their churches.
Participants noted that improved accessto feedback would likely
increase their self-awareness and self-monitoring, a finding
consistent with lifestyle behavior change literature [32-34].

When integrating technology in community-based i nterventions
in resource-limited settings, differential technology access and
usage must be acknowledged to reduce potential disparities.
This is particularly of concern when developing
technology-based interventions that target groups associated
with decreased accessto the Internet, specifically those of lower
socioeconomic status, minority racial group or ethnicity, older
age, and poorer health [35-40]. Disparitiesin wireless broadband
adoption are well documented across Washington, D.C. wards.
According to awebsite, wirel ess broadband adoption in Wards
5, 7, and 8 (66%, 55%, and 58%, respectively) is significantly
lower than theremaining D.C. wards, where wirel ess broadband
adoption is greater than 79% [41]. Previous work has
demonstrated that utilization of eHeath technologies,
predominantly those that relate to health seeking and health
tracking, islargely influenced by Internet access and experience
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in usage [42]. Incorporating a centralized hub did limit
participants’ ability to access quantitative PA datain real time;
however, it had the added benefit of community-wide
accessibility. The hub made uploading and viewing PA data
possible for al participants regardless of computer, mobile
device, or Internet access. Addressing these well-documented
access barriers by incorporating a centralized hub ensures that
the PA technology is equally accessibleto all participants.

Kumanyika et al [43] highlighted the potential of eHealth and
mHealth interventions for addressing obesity in minority youths
and adults, calling first for the critical need for evidence to
inform the development of eHealth interventions. Findingsfrom
this study suggest that an obesity intervention integrating
mHealth technology for PA monitoring may be feasible in
community-based, resource-limited communities. Advantages
of incorporating mHealth technology for PA monitoring in an
intervention include real-time data collection and the potential
to deliver personalized feedback within the participant’s natural
environment. More evidence is needed to determine if
incorporating PA-monitoring technology as part of a
community-based intervention can improve clinical outcomes
in resource-limited settings; however, it does appear to be a
feasible and acceptable method to include in future PA studies
of similar populations.

Community-Based Participatory Research asa Useful
Approach for Implementing Related Physical Activity
Technology in Community-Based Settings

Previous studies have demonstrated that when CBPR principles
occur in collaboration with community partners, they serve as
sustainable methods of targeting lifestyle factors such as PA
and nutrition [44,45]. Using CBPR principles, weimplemented
and designed this mixed methods pilot study of PA-monitoring
technology in collaboration with a CAB, the D.C. CHOC,
established in 2012 prior to our large-scale study, the
Washington, D.C., CV Health and Needs Assessment. The D.C.
CHOC is comprised of adiverse group of community partners
and collaborators (six church communities, church leaders,
health care providers, leaders from nonprofit organizations,
higher education, and local government) to consult on the
planning and implementation of the assessment, and the
interpretation and dissemination of study findings. Our CAB is
a long-term partnership involved in both the CV Health and
Needs A ssessment and the design and implementation of future
community-based behavioral weight loss interventions.

Consistent with CAB responsibilities to represent community
members and their input in research activitiesand “identify key
issuesfor action and strategize next steps’ [46], the D.C. CHOC
recognized the need to gain insight from and enhance
understanding of the targeted community before devel oping an
intervention. Therefore, they recommended a focus group and
pilot study to test the acceptability and feasibility of the new
PA technologies to be used in the large-scaled study. This step
would not have been considered without a CBPR framework,
thus demonstrating that novel ideas originate when research
questions stem from community partnerships in the local
context.
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Our mixed methods pilot study revealed that community
engagement is a critical component of community-based
intervention development, as it allows for testing specific
elements of an intervention that otherwise would be challenging
without community support. Integrating a technol ogy-based
intervention in resource-limited communities requires
researchers to first understand the community’s technology
environment and barriers to usage. If adequate knowledge is
not obtained during the preliminary intervention development
stages, interventions run the risk of being initiated prematurely
and out of context. Engaging community members during the
pilot study and focus group resulted in community-specific
suggestions and improvements that we implemented in our
large-scaled CV Health and Needs Assessment and plan to
implement in a future behavioral weight-loss intervention. By
engaging community members, we tailored the PA-monitoring
technol ogy to the specific community context. Our study showed
that community insight within the CBPR framework allowsfor
a research team to anticipate the community’s future
technological needs for an intervention.

CBPR methods also allowed usto tailor the implementation of
our PA-monitoring system to the unique needs of the community
members. Previous work suggests that behavioral weight loss
interventions in African American, church-based settings can
be effective if specific PA tools that promote weight loss are
provided [47]. Beforeintegrating such toolsinto an intervention,
it is necessary to determine if the tools are feasible and
acceptable for personal PA-monitoring in community-based
populations. By engaging community members, we were able
to gaininsight into the strengths and weaknesses of our proposed
PA-monitoring system. In particular, the focus group feedback
enabled us to enhance our training and larger implementation
(eg, identified hub point-persons, expanded hub hours), to
address concerns (eg, wristband irritation, wristband falling
off), and to clarify vague instructions (eg, vigorous activity
definition, colored-light system). Our study demonstrates that
incorporating CBPR principles is a necessary step during
intervention development, especially when introducing
technology-based PA-monitoring systems to resource-limited
communities. This is particularly relevant for larger-scaled
studies stemming from this pilot study, as CBPR research shows
that incorporating community members’ feedback enhancesthe
relevance of astudy, may improve sustainability of the proposed
intervention, and may potentially improve the retention of study
participants [44,45,48].

mHealth Technology |s Feasible for Physical Activity
Interventionsin Resource-Limited Communities

Our study has shown that, though certain challenges do exist,
a wrist-worn PA monitor could be an mHealth tool used to
monitor and facilitate PA for weight management in
resource-limited, community-based settings. Recent work has
demonstrated the effectiveness of eHealth and mHealth
interventions for weight management; however, littleis known
about the success of mHedth PA interventions in
community-based populations, particularly those that are
resource-limited [45]. It is known, however, that the once wide
“digital divide’ (ie, the gap in computer and Internet access
acrossracial/ethnic minorities) is narrowing dueto the expansion
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of mobile computing options [49]. As mobile phone usage
increases, so too does the use of mHealth technology for health
tracking [39,50].

Personal mobile devices offer aplatform for health tracking and
an opportunity to minimize costs and burden for theindividual .
Preliminary evaluation studies show that wearable devices (in
addition to mobile phone step-tracking apps) accurately measure
step counts when compared to manually and accel erometer
counted steps, afinding that may alleviate reservationsregarding
mobile phone apps and wearables for PA monitoring [12]. In
our study, participant PA data were successfully captured by
the PA-monitoring system on the majority of daysand monitored
by the participant. For syncing and self-monitoring PA,
participants with mobile phones preferred alternative options,
such as a mobile phone app. Future studies should expand on
this work by providing convenient and accessible options for
syncing PA datain the community and on personal devices, as
it may facilitate success and sustainability of wearable PA
tracking in community-based settings.

Strengths and Limitations

Strengths of this study include the community-based,
resource-limited nature of our setting, the novel use of
technology with a community-based population, the
incorporation of CBPR strategies, and the combination of
qualitative and quantitative data gathered from the pilot testing.
However, limitations of this study must be acknowledged. The
study was short, limiting testing of participant adherence,
engagement, retention, and attrition. Future work would benefit
from alonger study period to gauge these factors. Additionally,
generalizability may be aconcern, asthe sample sizewassmall,
and participantswere recruited from the same African American,
faith-based communities that would be targeted in a follow-up
observational study. Additionally, while all subjects were
African American, it is important to note that most had high
levels of education, so study findings also would not be
generalizable to a population with low levels of education.
Future work would benefit from extension of this study to a
larger and more diverse sample. Preferences and suggestions
made in the focus group may not be representative of the target
population, as responses were gathered in a group setting, with
no opportunity to provide confidential responses.
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While our study captured feasibility and acceptability of a
potential technology-based tool for objectively capturing PA,
our study did not intend to test the effectiveness of the
PA-monitoring technology in modifying behavior. Future
research should also include effectivenessin the study outcomes.
While there has been progress incorporating technology in
community-based PA interventions, more work, particularly
around mobile device access and usage, digita literacy, and
locations of publically accessible wireless Internet connections,
is needed to improve our understanding of potential
technol ogy-based i nterventionsin resource-limited communities.
While the proposed PA-monitoring system used in this study
allowed for assessing preliminary feasibility and acceptability,
it does present limitations in the context of dissemination and
implementation across diverse settings. As popular,
commercially available PA-monitoring devices such asthe Fitbit
continue to advance, more accessible and affordable options
will likely emerge that may support widespread implementation
across diverse, low-resource communities more adequately than
this study’s proposed system.

Conclusions

A wrist-worn PA-monitoring system appears to be a feasible
and acceptable technology for potential use in larger-scaled
studies in community-based, resource-limited settings. CBPR
methods, particularly CABs and focus groups, aid in early
identification of issues, suggestions, and preferences as they
relate to technology implementation in community-based,
resource-limited settings. Additional work isneeded to evaluate
the effectiveness of and engagement with PA-monitoring
systems in this setting. While a multifaceted behavioral
intervention combining behavior change elements, dietary
therapy, and PA is likely needed for weight loss management,
this study provides evidence to support use of PA-monitoring
technologiesas part of a PA intervention inlarger scaled studies
in resource-limited, community-based settings in Washington,
D.C. Of equal importance, this pilot demonstratesthat in an era
of limited funding and widening health disparities, we can ill
afford not to engage the community leaders and community
members in partnerships where clinicians, researchers, and
community members can leverage the strength of their
collaboration to design and implement health behavior studies
that are both feasible and acceptable to the communities they
target.
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Abstract

Background: People experiencing complex chronic disease and disability (CCDD) face some of the greatest challenges of any
patient population. Primary care providers find it difficult to manage multiple discordant conditions and symptoms and often
complex social challenges experienced by these patients. The electronic Patient Reported Outcome (ePRO) tool is designed to
overcome some of these challenges by supporting goal-oriented primary care delivery. Using the tool, patients and providers
collaboratively develop health care goals on a portal linked to a mobile device to help patients and providers track progress
between visits.

Objectives: This study tested the usability and feasibility of adopting the ePRO tool into a single interdisciplinary primary
health care practicein Toronto, Canada. The Fit between Individual s, Fask, and Technology (FITT) framework was used to guide
our assessment and explore whether the ePRO tool is: (1) feasible for adoption in interdisciplinary primary heslth care practices
and (2) usable from both the patient and provider perspectives. This usability pilot is part of a broader user-centered design
development strategy.

Methods: A 4-week pilot study was conducted in which patients and providers used the eéPRO tool to develop health-related
goals, which patients then monitored using a mobile device. Patients and providers collaboratively set goals using the system
during an initial visit and had at least 1 follow-up visit at the end of the pilot to discuss progress. Focus groups and interviews
were conducted with patients and providers to capture usability and feasibility measures. Data from the ePRO system were
extracted to provide information regarding tool usage.

Results:  Six providers and 11 patients participated in the study; 3 patients dropped out mainly owing to health issues. The
remaining 8 patients completed 210 monitoring protocols, equal to over 1300 questions, with patients often answering questions
daily. Providers and patients accessed the portal on an average of 10 and 1.5 times, respectively. Users found the system easy to
use, some patients reporting that the tool helped in their ability to self-manage, catalyzed a sense of responsibility over their care,
and improved patient-centered care delivery. Some providers found that the tool helped focus conversations on goal setting.
However, the tool did not fit well with provider workflows, monitoring questions were not adequately tailored to individual
patient needs, and daily reporting became tedious and time-consuming for patients.
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Conclusions:  Although our study suggests relatively low usability and feasibility of the ePRO tool, we are encouraged by the
early impact on patient outcomes and generally positive responses from both user groups regarding the potential of the tool to
improve care for patients with CCDD. Asis consistent with our user-centered design devel opment approach, we have modified
the tool based on user feedback, and are now testing the redevel oped tool through an exploratory trial.

(JMIR mHealth uHealth 2016;4(2):€58) doi:10.2196/mhealth.5331

KEYWORDS

eHealth; mHealth; multimorbidity; primary care; usability; feasibility; pilot

Introduction

Background

People experiencing complex chronic disease and disability
(CCDD) face some of the greatest challenges of any patient
population. Patientswith CCDD can be characterized ashaving
multiple chronic conditions that impact on their daily lives[1],
they are at a higher risk of experiencing poor health outcomes
[2,3] and will tend to use health services more than patients
with single conditions [4]. These patients are considered to be
among the highest cost patient populations in the health care
system [2]. Health systems worldwide are examining ways in
which care can best be structured to meet the needs of this
growing, complex, and high-cost population.

Beyond the challenges that patients face in managing their own
illnesses, primary health care providers struggle to manage the
multiple conditionswith discordant competing symptomsfaced
by these patients [5] and lack appropriate clinical practice
guidelines to guide decision-making [6]. Patient-centered care,
which allows for an individualized and holistic approach to
patient care, is viewed as crucial to addressthe highly variable
needs of patientswith CCDD [7-10]. Patient-centered care can
be supported through the adoption of goal-oriented care
approaches as a means to help patients prioritize competing
issues[11]. However, goals are often not agreed upon between
patients with complex care needs and their clinicians [12], and
clinicians may consider the process of ascertaining goalsto be
“too complex and too time consuming” [13].

The electronic Patient Reported Outcome (ePRO) mobile app
and portal system were developed to support patients with
CCDD andtheir primary health care providersto collaboratively
set and monitor health-related goals. Mobile health (or mHealth)
and other eHealth technologies have been previously used to
help track health status and monitor symptomsviatelemedicine
and wearable technologies [14-17] and encourage improved
engagement and changesin health behaviors by patients[18,19].
Although there aretool s available that help support goal setting
and monitoring, most of these are disease-specific (eg,
supporting patients with diabetes [20]), and there are few
available tools that can address the needs of patients with
complex care needs who tend to be high users of the health care
system [21].

Development of the ePRO tool was done in collaboration with
the technology company, QoC Health Inc. QoC Health Inc. is
a Canada-based technology company that is focused on
developing patient-centered technology to enable shifting care
for patients to the community [22]. The ePRO tool was

http:/mhealthjmir.org/2016/2/e58/

developed and tested through an iterative user-centered design
approach [23]. As a part of this development strategy,
conducting usability and feasibility testing isvital to ensurethat
tools are understandable and can be adopted by target usersin
typical settings before running larger more costly evaluations
[24,25]. This study describes findings from a pilot study to test
the feasibility and usability of the ePRO tool from the
perspective of patients with CCDD and health care provider
users from a primary health care practice in Toronto, Ontario,
Canada.

Feasibility and Usability Framework Guiding Study
and Analysis

Theaimsof thisstudy wereto: (1) determine whether the ePRO
tool was feasible to be used by patients with CCDD and their
primary health care providers as part of the delivery of primary
health care services and (2) assess the usability of the ePRO
tool from the perspective of both patient and provider. Our
emphasis was on exploring these questions in a real-world
setting, and as such, we adopted apilot study approach inwhich
patients and providers used the tool over a4-week period.

We used the “Fit between Individuals, Task and Technology”
(FITT) framework to guide our feasibility and usability
assessment [26,27]. The FITT framework suggeststhat adopting
new eHealth systems requires a fit between the user, the
technology, and thetask or processthat isundertaken. Feasibility
refersto the ability of usersto adopt atechnology or intervention
in daily routines (often assessed through use of the tool [28]),
which is strongly related to the FITT model intention to assess
the ability of atechnology to be adopted. Usability specifically
speaks to how the technology is meeting user needs and tasks.
Assuch, the FITT framework was adopted to assess feasibility
overal, with an embedded usability analysis to assess the
technology specificaly (see Table 1). Tools are typicaly
assessed in terms of efficiency (what resources are required by
the user to complete tasks [27]), effectiveness (the ability to
complete tasks completely and accurately), learnability (how
easily users can learn the system), and user satisfaction with
the product [27,29,30]. Using this framework, we sought to
answer the following research questions: (1) Is the eéPRO tool
feasible to be adopted into inter-disciplinary primary health
care practices? and, (2) isthe ePRO tool usable from both the
patient and provider perspective?

Table 1 summarizes an overview of indicators used to assess
feasibility and usability factors. These measures are aligned
with similar studies of usability and feasibility [27,29-31]. As
istypical in many feasibility and usability pilots, we relied on
arelatively small sample size of patients and providers to test
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the ePRO tool. Although some usability studies have used
surveys such as the System Usability Scale [32] or the
Post-System Usability Questionnaire [24], given our small
sample, we opted to capture most datathrough qualitative focus
groups, interviews, and observational notes. Quantitative data

Table 1. Feasbility and usability measures.

Steele Gray et a

regarding system use were pulled directly from the ePRO system
data (ie, information generated from the technology system
itself) to capture compliance and adherence information.
Qualitative data collection and analysis allowed us to capture
the breadth and depth of user experience.

Conceptual framework Measure Data source
Feasibility
User Demographics Patient information form
Comfort with technology Patient and provider self-report (in training or in
focus groups or interviews)
Use of technology Data of ePRO system
Task Fit into daily routines Patient focus groups and interviews
Fit into provider workflows Provider focus groups
Technology Usability assessment (in the following category)
Usability
Efficiency Time to complete monitoring (ie, time on task) System data
Reported efficiency Patient focus groups and interviews
Provider focus group
Effectiveness Reported errors Onlineissuetracker system to communicate errors
and problems with the system to QoC Health
Learnability Reported learnability Patient focus groups and interviews
Provider focus group
Satisfaction Reported satisfaction Patient focus groups and interviews

Provider focus group

Figure 1 presents a diagram of the FITT framework based on
Sheehan and colleagues [27] original FITT model which
includes the measures used to capture the components of the
framework in our study.

In a usability and feasibility assessment, we could have also
explored privacy and security issues related to the system [33].

Given our systems are fully compliant with all privacy and
security legidation related to transmission of patient data in
Canada and the United States, and we had captured patient and
provider perspectives on privacy and security in earlier stages
of development [34], we did not believe it was necessary to
assess privacy and security again at this stage of testing.

Figurel. A diagram of the FITT Framework to assess usability and feasibility. Adapted from Sheehan et a [27] p. 364.
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Methods

Setting

The ePRO tool has been developed within a Toronto-based
Family Hedlth Team (FHT); an inter-professional team of
providers delivering primary health care services[35]. Patients
have alead primary care provider, either a physician or nurse
practitioner; however, patients may receive care from any
provider in the team (registered nurses, a socia worker, a
dietitian, and diabetes nurse educator). Six providers from the
team participated in the study as active ePRO providers
including 1 physician, 1 social worker, 1 registered nurse, 1
dietitian, and 1 diabetes educator. Active ePRO providers were
involved in goal setting and monitoring of patients at the start
of the pilot study and conducted at least 1 follow-up visit with
the patient to overview progress using the portal system. Other
providers, athough not actively participating in the study had
the opportunity to view their patient’s data on the portal at any
timeif they chose.

Recruitment

Active ePRO providers were asked to individually identify 3-5
eligible participantsfrom their practice panels. Eligible patients
met all the following inclusion criteria: (1) An FHT patient on
the participating provider's practice pandl; (2) physical capability
touseatablet or availability of acaregiver who had the physical
capability to use atablet who could enter data on the patients
behalf; and (3) had complex care needs (2 or more chronic
conditions, identified difficulty managing conditions, and social
complexity and/or mental health issues) as identified by
providers. Potential participants were contacted directly by FHT
administrative staff over the phone or when they checked in for
their appointment to ask if they were interested in being
contacted by amember of the research team at which point they
were informed about the study, what would be required for
participation, the consent process, and information on privacy
of their information. The recruitment process lasted from
October 6, 2014 until November 7, 2014; during the process,
12 potential participants were identified. Eleven of the
participants could be reached and agreed to participate.

Participants provided informed consent by signing consent
forms at the time of training and orientation on the device.
Participants also filled out patient information formsat thistime
to provide us with data on patient demographics. Participants
were assured that their participation was voluntary, their
personal data would only be accessible by the research team,
and he or she could return the device at any timeif they became
ill or were having difficulties monitoring their goals. All the
participants were assigned a unique identifier to ensure their
anonymity before dataanalysis. Online datasubmitted fromthe
device were on a secure server hosted by QoC Health Inc. The
server iscompliant with all health information dataand security
laws applicablein Canadaand the United States. The technology
partner, who had access to patient data needed to provide
technical support, signed aconfidentiality agreement before the
initiation of the study.

Full ethics approval for this study was obtained from the Joint
Bridgepoint Hospital-West Park Healthcare Centre-Toronto

http:/mhealthjmir.org/2016/2/e58/
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Central Community Care Access Centre-Toronto Grace Health
Centre Research Ethics Board before the initiation of the study.

Training

Providers were trained in 2 separate 1-hour group training
sessions before the initiation of the pilot study, one session for
active ePRO providers and another for other providers, mainly
physiciansfrom the practice, in the event they wanted to monitor
their patients involved in the study. Patients were trained
one-on-one with amember of the research team in a30-minute
session at the time when consent was given to participate in the
study. Although providing training to userslimits our ability to
test learnability, patient and provider users required a baseline
level of understanding of thetool’sfunctionality and capabilities
to appropriately engageinthetool, allowing usto test other key
aspects of feasibility and usability. We anticipate that for this
tool to be used as part of regular practice, both providers and
patientswould require some baselinetraining; assuch, including
training in our study offersacloser approximation to real-world
use.

The Intervention: Overview of the ePRO Tool

The ePRO tool includes 2 key features: (1) My Goal Tracker
and (2) Hospital CheckOut.

Feature #1: My Goal Tracker

The My Goal Tracker feature allows patients and providers to
collaboratively identify patient goals and help patients to track
outcomesrelated specifically to those goals. In the devel opment
of the ePRO toal, providersindicated that they engaged in goal
setting activities with their patients with CCDD as a means to
support improved self-management [36]. Activities such as
motivational interviewing, counseling, and health coaching are
used by providers to help patients manage at home between
visits. Thetool allows patientsand providersto set goalsrelated
to 5 different areasidentified as most important by patientswith
CCDD, their caregivers, and their primary care providersinthe
earlier phases of development. These areas include: (1)
maintai ning or improving general physical and social well-being
(physical health goal); (2) maintaining or improving general
mental well-being (mood and memory goal); (3) maintaining
or improving mobility (mobility goal); (4) pain management
(pain goal); and (5) weight management (diet goal ).

Monitoring protocols are linked to each of the 5 goal areas and
drawn on the basis of 3 valid and reliable generic outcome
measures developed by Patient-Reported  Outcomes
Measurement Information System (PROMIS). The 3 PROMIS
tools that are included are: (1) The General Health Scale; (2)
The Pain Interference Scale; and (3) The Health Assessment
Questionnaire. The PROMIS tools used in the monitoring
protocols are generic rather than disease-specific
patient-reported outcome measures to better reflect our patient
population of interest. Furthermore, these tools have
demonstrated validity and reliability in chronic disease
populations [37-39]. Note that the diet goal was not based on a
PROMIS tool but rather allowed patients to take pictures of
their food and track their weight.
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Feature #2: Hospital CheckOut

The Hospital CheckOut features allow patients to inform their
primary care provider when they have visited and been
discharged from a hospital. This feature addresses significant
communication challenges identified by patients and providers
through a user-needs assessment conducted in the first phase
of our tool development [34].The patient simply entersthe date
of discharge, reason for visit, and name of hospital, and an alert
is sent to the provider so that they can reach out to the hospital
and retrieve the discharge report.

The Portal System

The provider porta allows providers to set up care plans with
patients, which identify on which goals patientswill beworking

Figure 2. Depiction of the ePRO portal.

3. Editing goal items view

3. Patient dashboard
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toward. Once added to a patients Care Plan, the goal shows up
on the patients “My Goa Tracker,” and the patients then can
track their progress toward their goal over time on their mobile
deviceor on the patient portal. The provider isalso ableto view
the Hospital CheckOut alerts on the portal. The patient portal
allows patients to view their progress over time. Patients can
also choose to enter their monitoring data on the portal rather
than on the mobile deviceif they choose. In general, the portal
system wasintended to be more heavily used by providerswhen
setting up goal tracking and viewing patient tracking, with
patients only needing to access the portal to view their own
results; al datatracking activitiesfor patients can be conducted
on the mobile app. See Figure 2.
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Figure 3. Depiction of the ePRO mobile app.
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The Mobile App

The mobile app allows patients to track their goals and report
hospital visitsusing the Hospital CheckOut. For the pilot study,
patients were provided with locked Samsung Galaxy |1 android
phoneswith the ePRO app uploaded. Asthe device was|ocked,
they could only use the ePRO app on the phone. All devices
were supported through afourth generation/long-term evolution
connection to not only allow patientsto update their data at any
time but also alowed the QoC Health Inc. to push bug fixes as
required. See Figure 3.

Pilot

After training, patientsworked with providersto collaboratively
identify goals and then add them to their care plans. This
discussion occurred during a 30-minute appointment, which is
typica for alied health professionals working with patients
with CCDD to identify goals and improve self-management.
Patientsthen tracked their goalsfor a4-week period, after which
they returned to their provider to view and discuss their results
and tracking. Some patients visited their providers more
frequently during the course of the study, which was part of
their usual care. For instance, patientsvisiting the social worker
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typicaly visit the social worker once aweek, and at each visit,
they would discuss goal tracking and modify treatment plans
and goals as needed.

At the end of the 4-week pilot study, patients and providers
were asked to participate in separate focus groups where they
provided feedback on the feasibility and usability of the tool.
The patient focus group was held on December 17, 2014 (n=5),
and the provider focus group was held on January 22, 2015
(n=6). Three patients who completed the study but were unable
to participate in the focus group in December were separately
interviewed to gather their feedback on usage of thetool. System
dataregarding all patient-reported data, types of goals tracked,
response counts, time on the system (both patientsand provider),
and number of times the system was accessed were pulled by
QoC Health Inc. and given to the research team in Excel format
for analysis, and in addition, they provided an overview report
of system use.

AnalysisMethod

Basic descriptive statistics were conducted using the system
data. Content analysis of datafrom theissuetracker systemwas
conducted to identify errors reported by users. Focus groups
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and interviews were analyzed using thematic content analysis
[40]. Common themes were identified by 2 different groups of
authors, for the patient (AG, AlK, and CSG) and provider (AG,
PH, and CSG) focus group data. The authors reviewed the
transcripts independently and devel oped their own preliminary
coding scheme. Multiple iterations of coding occurred until
consensus was reached on themes among reviewers to develop
afinal coding scheme[40]. To help organize themes as per the
usability and feasibility framework summarized in Table 1,
authors (AG and AK) identified coded themes that captured
components of thefeasibility framework for analysis. Qualitative
data management software, NVivo9 [41] was used to manage
the data after afina coding scheme was created. Using NVivo
9, researchers code text by highlighting text and selecting the
appropriate code from the coding scheme. Coding was
conducted by authors (AG, PH, and AIK), and coding reports
from NVivo, in which all examples of data attached to a
particular code, were generated and reviewed by thelead author
along with AG, PH, and AIK to ensure content fit within the
definition of the code.

Four patient participants and all providers were willing to
provide feedback on the findings (member checking). These
individuals were sent packages that included an overview of
the analysis and a form to provide feedback. No feedback was
returned from patients (1 letter was returned from a patient as
the address provided by the participant was incorrect), 2 forms
were returned by providers agreeing with findings.

http:/mhealthjmir.org/2016/2/e58/
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Results

Assessing Feasibility: Under standing User sand Tasks

Patient User and Tasks

Twelve individuals were identified by providers as potential
participants, among them, 11 were successfully contacted by
the research team. Participantswere both medically and socially
complex; they had 2 or more chronic conditions (reported
conditions include: diabetes, menta illness, joint conditions,
heart conditions, kidney conditions, and chronic pain) and socia
vulnerabilities (ie, at least 2 of them were in low-income
housing; however, socio-economic status was not explicitly
captured). Two participants dropped out within the first few
days due to health issues, and a third participant dropped out
of the study after 2 weeks due to increased anxiety associated
with the need to report on her health and using the mobile
device. This patient already had high levels of anxiety and
depression (including anxiety related to using their personal
iPhone) before the initiation of the study. The provider
anticipated that this could occur but wanted to give the patient
a chance to engage in something new as part of her ongoing
treatment. Other studies have found that health monitoring may
lead to adverse effects on mental health and well-being [42].
Five of the patients who participated in the full study
participated in the focus group, and the 3 others provided
feedback through interviews (2 of them over the phone and the
remaining 1 patient in person with CSG). See Table 2 for an
overview of patient users and their use of the ePRO tool during
the pilot.
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Table 2. Patient demographics, goal monitoring activities, and system usage.

Petient participants N=11
Average age 58 years
Min 35 years
Max 72 years
Male n=5
Female n=6
Other (ie, transgender) n=0

Country of origin

Canada n=5
United Kingdom n=2
United States n=1
Jamaica n=1
Not reported n=2

Reported comfort with technology

Previous experience n=6
Little experience n=2
Not reported n=3

Attrition n=3

Goals tracked
Physical health n=6
Mood and memory n=3
Pain n=2
Diet n=2
Mobility n=1
Patients tracking 1 goal n=4
Patients tracking 2 goals n=4
Patients tracking 3goals n=1
Patients tracking 4 goals n=1
One dropout patient did not set a goal

System usage
Unique survey completions 210
Questions responded 1311
Portal access 1.74 average
(only accessed by 4) patients) MinO

Max 3
http://mhealth.jmir.org/2016/2/e58/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 2 58 | p.63
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Table 3. Time to complete monitoring tasks for patients.

Steele Gray et a

Goals No. of questions per survey/protocol

No. of protocol completions  Time to complete protocol (minutes)

Physical health 6 required, 3 optional 75
Mood and memory 5 required, 3 optional 68
Pain 5 required, 3 optional 52
Mobility 23 required, 2 optional 3
Diet 2 required, 1 optional 9

Average: 3
Min:1; Max:12
1 outlier: 14282
Average: 5.3
Min:1; Max:57
2 outliers: 1425 and 11802
Average: 5.6
Min: 1; Max: 31
1 outlier: 14272
Average: 6.3
Min: 2; Max: 16
Average: 1.7
Min:0; Max:3

1 outlier: 6832

8t patientsleft surveysin the middle of completing them, the system recorded the full amount of time it took to complete the survey resulting in outliers

as high as 1428 minutes.

Patients reported that they manage their multiple chronic
illnesses, acute issues that arise, and personal issues as part of
their daily lives. Patients also reported using other appsto help
manage their health with activity apps and tools such as FitBit,
JawBone, and blood sugar monitoring apps.

Provider User and Tasks

Active ePRO providers, differed in terms of profession and the
role they played in the primary care practice; however, all
engaged in goal-setting activities with patients before the
initiation of the pilot study. Through training and piloting, it
was clear that most of the provider participants had a strong
competency with technology with only 1 participant identifying
more limited capability. In general, providers work in a busy
practice wherethey typically get 30 minuteswith their patients,
whereas the physician gets closer to 10 minutes. Providers
accessed the portal much more often than the patients, on
average 10.4 times over 4 weeks (min: 4, max: 15), which is
understandable as patients later reported forgetting that there
was a portal or experiencing errors with the portal.

Providers reported that they were primarily only able to view
patient data just before a patient’s follow-up visit to see a
snapshot of the patient’s progress between appointments as that
fit more readily into their existing workflow. Some providers
reported seeing patients weekly (as was the case for the social
worker), and others saw patients more on an as-needed basis.
Providers noted that they aready engaged in goal-setting
activities with their patients often using the SMART goal
framework (used initially in rehabilitative settings, see [43]).
The practice also provides chronic disease management
programs (ie, smoking cessation program). All providers are
required to chart all patient encountersin their electronic medical
record (EMR).

http:/mhealthjmir.org/2016/2/e58/

Assessing Usability: Technology Assessment Efficiency,
Effectiveness, and Satisfaction With the ePRO Tool

Patient Feedback

Efficiency

Although each protocol did not take long to complete (on
average 2-6 minutes, see Table 3), patient participants found
that data entry became atedioustask, and at |east 2 participants
noted that they began completing questions for multiple days
at one time, potentially compromising the validity of the
self-report data. The ePRO system data reveaed that in fact 5
patients completed questions for multiple days at one time,
which accounted for between 8% and 46% of the participants
answers. Participants also found that they forgot to do their
monitoring when managing acute health issues or other life
stresses. For example, one participant was managing chronic
pain issues and lapsesin her memory and experienced difficulty
incorporating the deviceinto her daily life.

And | don’'t think that the pain was the total cause of
memory lapse but it had a great deal to do with it.|
mean | was going through a great deal of stress. So
when | started to add them all together, you know,
the stress, the workload, the impending devel opments
that were happening in my lifein compl etely different
areas, you know, it was just like I'm standing here
trying to juggle 8 balls without having any of them
touch the floor it has a tendency to make you forget
about whatever else you're doing [P0O09]

atients made a number of suggestions for creating a more
responsive tool that would complement their daily routine
through reminders (for patientsto input their data) and feedback
acknowledging their completion of questions, flagging results
(asappropriate), and connecting with the other health monitoring
apps (ie, FitBit, JawBone, blood sugar monitoring). The most
common suggestion was to enable connections between their
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health goalsfrom the ePRO tool with other appsthey wereusing
to improve efficiency of their self-monitoring efforts.

Like linking with FitBit, for example... Yes, | think
that would be very useful. Because your...well, it
depends on how you use FitBit of course but, you
know, you are tracking a lot of indicators around
activity, weight, etc.... if you 're diabetic, isit to link
your blood sugar to your performance? You know,
all those kinds of things. | think it would have to have
a specific reason for using it” [P0O02]

Effectiveness

Some patientsin the study identified that they felt using the tool
had an early impact on their ability to self-manage and track
their health goals. The tool helped to catalyze a sense of
responsibility over their care and helped to improve
patient-centered care delivery.

| knew why | felt better one week and why | did not
fedl better the next week. [PO11]

[my provider and I] wereableto see .. that [ my goal]
was not moving really, and to try to changeit better ...
[PO05]

Patients were ableto reflect on their progress of achieving their
goals with providers and valued this interaction.

When we were talking about my goal, we were going
through the charts, her giving her opinion. She was
actually changing my opinion of how | should have
answered that question. Well, that should be more
interactive. 1’d like to get her to do that sooner.
[PO12]

However, patients experienced technical errors and difficulty
in reviewing previously entered open-text data. In addition,
guestions often did not appear at the correct times or days, and
patients were unableto locate different features on the tool. One
patient and provider were so frustrated by the errors that they
nearly pulled out of the study. This particular patient called both
the provider and research team frequently to troubleshoot
connectivity issues and to discuss aspects of the tool they did
not like.

L earnability

The learning process was aso an important challenge as
one-time training was not considered to be sufficient.
Participants suggested that adding instructional videos to
highlight the key steps for using the device might be beneficial
for visual learnersand easier to follow than written instructions.

Satisfaction

Once technical errors experienced in the first 2 weeks of the
study were resolved, patients appreciated having a device to
help them monitor their health goals and health behaviors.

| found it very easy to use. | found that once |
determined when | was going to do it daily, that | did
it. | always got it done [PO02]

However, some patients reported feeling i sol ated with the mobile
device, and felt that the tool could become a replacement for
inperson consultation.

http:/mhealthjmir.org/2016/2/e58/
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I think the only concern that | had big time was that
it might be used to replace people. And that would
really sadden me. | think especially in this time and,
you know, people do really need people-to-people
care and contact. And especially when they're sick
[POO3]

To mitigate feelings of detachment from the health care
provider, participants suggested that having questions and goals
that were more specific to the participant’s conditions, as well
as personalized feedback from the provider or peers from the
clinic would be helpful. Tool-enabled feedback, particularly
from peers, was aso viewed as a way to offer encouragement
on progress toward goa attainment by way of a shared
experience.

Provider Feedback

Efficiency

The research team was unable to track the time it took for
patients and providers to set up the goals and the monitoring
regime. Providers would schedule a 30-minute session to
complete this task; however, they reported that the actual use
of the tool would not take the full 30 minutes, but often the
conversation about goal setting with the patient would require
the entire visit.

After theinitial visit, provider participants reported experiencing
difficulty incorporating patient datainto their workflow interms
of: (1) increased charting time required to input data into the
provider'sEMR and (2) being able to view datain manageable
chunks.

It would be very helpful if | can see that reporting for
a week. Because what | did was | chose people that
| see weekly anyway. But realistically in terms of
workload even one patient, | bet | would not look at
it, you know, every day. [Provider 06]

Providers also identified adesire to have the content of the tool
better aligned with current programs and practices. As one
provider noted:

You know, in terms of using that in the template, that
kind of way to set up and frame a goal with them...
Because we're working with SVIART goal's, they need
to be that specific... [Provider 04]

Finaly, some providers felt that they may be liable for
monitoring patients during out-of-office hours, which would
require additional time and resources. One provider discussed
a specific experience during the pilot in which one of her two
patients enrolled in the study started “sinking fast,” which she
was able to catch by reviewing monitoring data on the portal.
However, the provider identified this may not be a scalable
solution in future;

Oh my god, this guy is sinking fast, | better make the
phone call. Which | did. But | can't do that for all my
patients all the time. [Provider 05]

Although it was made clear to providers and patientsintraining
and on the app (see the “No Emergency Monitoring” message
in Figure 3) that continuous monitoring was not available, some
providers still reported experiencing conflict between ensuring

JMIR mHealth uHealth 2016 | vol. 4 | iss. 2 |e58 | p.65
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

that the tool fit in their existing workflow and their desire to
provide high-quality care to their patients. Over the course of
the pilot providers, most of them reviewed data before the
patient’s appointment rather than monitoring in-between visits
and found greater potential for the datato be useful asasynopsis
of the patient’s progress.

Effectiveness

Some providers noted that having the tool in front of them
helped to focus the conversation on patient goals.

To be able to talk about this with her, it was like, oh,
thank God | can help set a goal.” [Provider 06]

However, providers had difficulties goa setting for some
patients, as the goals on the tool were not specific to the health
monitoring options on the tool. Providers expressed concerns
that the tool’s content was not comprehensive, as setting a
specific goal and self-management were two different elements
for chronic disease management:

WEll, because we're diabetes educators, R2 and I, we

set goalsall the time. But the goals that we're setting

were not reflecting in the optionsthat were available.

So there was no blood sugar. You know, there's no

goal for blood sugar. There was no goal for pain

management. There was no... Like there were n't

specific... They weren’t specific enough. And because

we're working with smart goals, they need to be that

specific. [Provider 05]
To improve effectiveness (and efficiency), providers wanted
thetool to fit better with their existing workflows and programs,
for example, through better alignment with creation of SMART
goals for patients or allowing for monitoring protocols that
aligned with goals of existing chronic disease management
programs.

Providers experienced technical issueswith the device and Web
portal, including data not appearing on the portal after being
entered on the mobile device, goals not showing up on patients

Table 4. Feasbility and usability assessment overview.

Steele Gray et a

devices after being set up on the portal, and some challenges
with login.

L earnability

Providerswere unsure of wherein thetool to enter freetext and
how to locate specific goals within the tool. In the focus group,
providers noted forgetting about certain elements of the tool,
suggesting the need for amanual or additional training sessions.

Satisfaction

Although providers also recognized the value of the tool in
assisting the patient to self-monitor their chronic conditions,
self-monitoring and goal attainment were two aspectsin which
the tool was felt to be lacking. For example, one provider
discussed hisor her goal of helping improve the patient’s mood
and using the tool to monitor the patient’s eating habits and how
the tool offered limited utility in supporting that goal.

The mood one might be a good pre and... Like | do
n't know, it depends on what the goal is. But like
maybe a pre and post, doing the study to get like a
sense of where they are before and where they are
after. But like again with like eating the piece of fruit,
her answering those questions every day, | do n't
know, maybe she gave you feedback saying that was
really helpful, I do n't know. | didn't think it was all
that helpful. At least it wasn't helpful from my
perspective. [Provider 04]
With regard to goal attainment in particular, providers were
concerned that questions were not specific enough to match
goals.

FITT Assessment of the ePRO Tool

The technology assessment (efficiency, effectiveness,
learnability, and satisfaction with the tool) was compared with
identified user needs and tasks. Thisanalysisis summarized in
Table 4 to provide an assessment of the feasibility and usability
of the ePRO tool.

Users Task Technology

Patients Multiple chronic conditionswithmod-  Daily routines: The ePRO tool met user needs to monitor and
erate comfort with technology. ; track goals they wished to work on; however, it

« Havemultipleheadthand personal ' c \ . - -
Interestsin monitoring goals related to concerns to manage did not fit well with daily tasks given questions
physical heslth, mood and memory,  »  Somealready using other self-  Wererepetitive and not appropriately tailored to
pain, diet, and mobility management support toolsand ~ 90al activities, and thetool was unableto connect
Primarily used th bile devi apps with other monitoring activitiesin which patients
imarily u e mobile device were already engaged.
Providers Multi-disciplinary providers from pri- Workflows: The ePRO tool was helpful in getting patients to

mary health care practice, moderate to
high level of comfort with technology.

Busy practice with limited time to
monitor patients between visits. Gener-

d interest in helping patients better .
manage .

«  Only ableto review data before
visit to get a snapshot view of the
patient, limited time to monitor
patients in-between visits

Use SMART goas

Need to chart in EMR systems

discuss goals as a strategy to improve manage-
ment; however, it did not fit well with provider
workflows in terms of supporting SMART goa
development and integration with the EMR.
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Discussion

Despite the many challenges, patients and providers
demonstrated near-daily use of the device over a short period
of time. When we explore some of the more detailed feedback
from the focus groups, ease of use of the tool, the noted impact
on ability of patients to self-manage and patient-centered care
delivery, and the potential for thetool to improve on their sense
of responsibility over their care, may be the reason why there
was daily usage among patients and weekly usage among
providers despite challenges. Providers were equally positive
about the potential of the tool to improve efficiency and
patient-centeredness at the point of care, particularly if suggested
changes were to be implemented.

However, based on our assessment criteria, overall feasibility
and usability of thetool are determined to be low from both the
patients and providers' perspectives. Concerns regarding the
impact on patient-provider relationships, the repetitive nature
of questionsleading to individualsfilling out multiple questions
at onetime, and an inability of the system to connect with other
monitoring activities they were already doing (eg, physical
activity monitoring using other apps and devices) were among
the more notableissuesidentified. Furthermore, the system was
plagued by connectivity errors, which caused ongoing concerns
and frustrations for both patient and provider users. Errorsin
usability tests are not uncommon and have been noted to impact
on usability [17]. We should a so consider that daily data entry
may be too frequent for most users, and as such, looking for
ways to collect data unobtrusively (eg, through connecting to
aFitBit or JawBone device) may not only meet identified user
needs but could also serve to reduce respondent fatigue.

Providers had a difficult time integrating the monitoring into
their daily workflows. Although these providers were already
doing goa setting with patients, concerns with a lack of
integration with their EMR system and content that did not
follow their usual model of care made usability and feasibility
of the ePRO tool challenging. A notable concern ishow the use
of standardized monitoring protocolsdid not allow for effective
monitoring of patient goals, which speaks to a relatively poor
task-technology fit. Although the PROMIS tools are valid and
reliable measures, these types of generic outcome measures are
less helpful for day-to-day management of health-related goals
for patients with CCDD. The adoption of valid and reliable
patient-reported outcome measures thus may not be as useful
in ongoing management of patients with CCDD and
patient-centered care delivery [44] but rather may be more useful
to assess whether goal attainment is having an effect on
outcomes over the medium to long term (6-12 months).

Workflow integration is an important consideration as the
introduction of technol ogies not only augmentswork processes
but in fact reorganizes them [45]. Coupling ehealth tools
successfully to health care provider workflow is challenging.
Heterogeneity of care practices paired with interdisciplinary
team roles and responsibilities, as with our FHT providers,
makes it increasingly difficult to accurately and consistently
predict provider care needs, especially when caring for patients
with complex care needs [46-48]. However, the appetite for
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mobile health solutions that match provider workflow is in
demand [49], with the likelihood of meaningful adoption
increasing when end users are involved in the design process
[50].

Unfortunately, thetool did not support interdisciplinary practice
as we had hoped. We had anticipated that data could be used
by the entire FHT (not just the active providers) to help in
management of patients; however, the tool did not get used in
this way during the pilot study, rather, providers used data in
their own management of patients as part of their solo practice.
Four weeks may have been atoo short period, and potentially,
longer term use may provide more opportunities for the datato
be used by the interdisciplinary team. The impact on
interdisciplinary practice will be examined in our exploratory
trial (4-month trial) and pragmatic trial (12-month trial) of the
ePRO tool.

Thelow usability of thetool wasasomewhat surprising finding
given the extensive user-centered design approach used in the
earlier phases of this study. Providers from the FHT aswell as
patients and caregivers provided detail ed and ongoing feedback
on the devel opment of thetool (outlined in [36]) before running
the usability pilot; however, many of the usability and feasibility
challenges experienced in the pilot presented here, particularly
those with regard to content, were not identified in earlier stages
of development. Typical user-centered design approaches may
face challenges when addressing particularly complex patient
populations, such as children and those with cognitive
impairment, and user feedback may not be useful in all phases
of the design process due to the lack of necessary design skills
inusers[51]. Morethan likely, however, was that the challenges
experienced were not foreseen, and as such reinforced the
importance of conducting small, real-world setting pilots such
as those presented here as part of a user-centered devel opment
approach.

Limitations

Quantitative data on usage pulled from the ePRO system data
did not provide the level of detail we would have liked with
regard to tool efficiency. We had made a deliberate decision to
do area-world pilot test of the tool rather than test usability in
alaboratory setting as has been used in other usability tests[52].
Although limiting, we dictate that real-world usability testing
was more valuable when developing tools for a diverse user
group such as patients with CCDD and multidisciplinary
providers. Future testing will seek to refine the data that can be
collected from the ePRO system to be able to extract time data
more effectively. Another limitation of our study was the
attrition rate of the patient participants. One of the challenges
working with patientswith CCDD meansthat health issues may
impede ongoing participation in research. Future piloting and
evaluation work will seek to oversample to a greater extent to
offset likely dropouts.

Although the numbers of test usersarelow in our study, Nielsen
and Landauer's [53] model of detecting usability problems
suggests that most usability problems (75%) can be detected
by 10 users, and 50% of them can be detected by as few as 5.
Furthermore, they offer a cost-benefit analysis of including
additional usersin testing and suggests that an optimal number
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of test subjectsin medium-large projectsis 6.7 when using test
users to conduct a usability assessment. As such, although our
numbers are low, they are aligned with other similar usability
studies[30,31,54-57] and also allow usto capture most usability
problems we are likely to see.

Finaly, we were only able to conduct focus groups and
interviews after the pilot study rather than during the study. In
asimilar pilot, Verwey et al [17] interviewed each user directly
after all consultations to capture usability information, which
may allow for capturing more useful data.

Conclusions and Future Works

Although our study suggests relatively low usability and
feasibility of the ePRO tool, we are encouraged by the early
impact on patient self-management and patient-centered care

Steele Gray et a

delivery as well as the general positive response from patients
and providers regarding the importance and potential of atool,
which supports goal-oriented care delivery for patients with
CCDD in primary health care settings. Findings from the pilot
will be used to modify the ePRO tool to improve its feasibility
and usability. Key considerations moving forward include:
modifying goal monitoring protocols to alow for tailoring to
specific goals, ensuring that we target patientswith CCDD who
could benefit most from goal-oriented care and prescreening
for those who may be likely to experience anxiety related to
participation, integrating the system into the EMR or with
provider workflows, enabling integration with external apps
used by patients (eg, JawBone or FitBit), and providing ongoing
training opportunities potentially embedded within thetool (ie,
through videos and walk-throughs).
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Abstract

Background: The Portable Eye Examination Kit (Peek) is a mobile phone-based ophthalmic testing system that has been
developed to perform comprehensive eye examinations. Shortages in ophthalmic personnel, the high cost, and the difficulty in
transporting equipment have made it challenging to offer services, particularly in rural areas. Peek offersasolution for overcoming
barriers of limited access to traditional ophthalmic testing methods and has been pilot tested on adults in Nakuru, Kenya, and
compared with traditional eye examination tools.

Objective: This qualitative study evaluated the acceptability and usability of Peek in addition to perceptions regarding its
adoption and nationwide deployment.

Methods: Semistructured interviews were conducted with patients and analyzed using a framework approach. This included
analysis of interviews from 20 patients, 8 health care providers (HCPs), and 4 key decision makers in ophthalmic health care
provision in Kenya. The participants were purposefully sampled. The coding structure involved predefined themes for assessing
thefollowing: (1) the context, that is, environment, user, task, and technology; (2) patient acceptability, that is, patients perceived
benefits, patient preference, and patient satisfaction; (3) usability, that is, efficiency, effectiveness, learnability, and flexibility
and operability of Peek; and (4) the benefits of Peek in strengthening eye care provision, that is, capabilities enhancer, opportunity
creator, social enabler, and knowledge generator. Emerging themes relating to the objectives were explored from the data using
thematic analysis.

Results: Patientsfound Peek to be acceptabl e because of its benefitsin overcoming the barriersto accessing ophthalmic services.
Most thought it to be fast, convenient, and able to reach alarge population. All patients expressed being satisfied with Peek. The
HCPs perceived it to satisfy the criteriafor usability and found Peek to be acceptabl e based on the technology acceptance model.
Peek was also found to have features required for strengthening ophthalmic delivery by aiding detection and diagnosis, provision
of decision support, improving communication between provider and patient and among providers, linking patients to services,
monitoring, and assisting in education and training. Some of the deployment-related issuesincluded the need for government and
community involvement, communication and awareness creation, data protection, infrastructure devel opment including capacity
creation, and training and mai ntenance support.

Conclusions: According to all parties interviewed, Peek is an acceptable solution, as it provides a beneficia service, supports
patients' needs, and fulfills HCPS roles, overall contributing to strengthening eye health.

(JMIR mHealth uHealth 2016;4(2):€30) doi:10.2196/mhealth.4746
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Introduction

Background

The estimated number of visually impaired people worldwide
is 285 million, of which 39 million are blind [1]. Up to 80% of
global visual impairment is preventable [1].The burden is
unequally distributed, with the largest proportion living in
low-income nations of Africa and Asia [2]. Loss of sight is
associated with considerable emotional, social, and economic
consequences, especially among the poor [3,4]. One of the
biggest challenges to reducing the burden of visual impairment
is the significant shortage of ophthalmic health care [5].
Ophthalmic testing equipment is often expensive, bulky, and
immobile, making it difficult to deploy an ophthalmic service
in rural areas, particularly where there are fewer ophthalmic
professionals.

Tackling avoidable vision loss requires strengthening of health
systems (HSs) in order to achieve universal accessto ophthalmic
services. This has been amajor focus of the global ophthalmic
public health community and a key goal of the recent World
Health Organization (WHO) global actionto improve eye health
for everyone over the next 5 years, building on the principles
of VISION 2020 [6].

Mobile health (mHealth) refersto the use of mobiletechnology,
such as mobile phones (M Ps), to provide health services. Mobile
health is a growing field and its potential in improving health
and health careddivery hasbeen well demonstrated [7-9]. There
aresignificant opportunitiesto leverage the benefits of mHealth
in expanding health care delivery with the increasing uptake of
MPs in the developing world [10]. Furthermore, the scope of
mHealth has increased in recent years with the introduction of

http://mhealth.jmir.org/2016/2/e30/

smartphones, which offer enhanced functionality and user
interfaces over traditional multimedia devices.

In Africa, smartphones are becoming more affordable, driven
by greater competition among operators and manufacturers.
Smartphone subscriptions in Africa have been forecast to
increasefrom 79 million to 412 million between 2012 and 2018
[11]. Nevertheless, the evidence base for smartphone use in
health careislacking, particularly contextual, process and health
outcome evaluations in low- and middle-income countries
[12-16].

This study aimed to evaluate a smartphone-based ophthalmic
examination system with clip-on hardware, the Portable Eye
Examination Kit (Peek), which has been developed and
introduced as a user-friendly and affordable alternative to
perform comprehensive ophthalmic examinations. Figures 1
and 2 show how Peek is being used to take a fundal image and
to examine a cataract. Peek offers a potential solution to
overcoming barriers of traditional ophthalmic testing methods
and thereby contributes to the VISION 2020 goals[17].

Objectives

This qualitative study was carried out to assess patients, health
care providers (HCPs), and stakeholders' (decision makersin
ophthalmic service provision are referred to as “ stakeholders”)
perspectives on the adoption of Peek for improving the provision
of ophthalmic services in Kenya. This included a formative
evaluation of the acceptability and usability of Peek compared
with traditional methods of ophthalmic testing. In addition, its
potential for strengthening ophthalmic services and potential
barriers and facilitators to adoption and deployment of the
technology were explored.

IMIR mHealth uHealth 2016 | vol. 4 | iss. 2 [e30 | p.73
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Figure 1. Retinal imaging by Peek.

Figure 2. Peek for cataract testing outside patients home.
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Methods

This study was undertaken within the follow-up phase of the
Nakuru Eye Disease Cohort Study in central Kenya, a
population-based study, which recruited 5000 individualsfrom
100 clusters[18].

The sampling strategy for this qualitative study involved
purposeful sampling, and the patient sample was chosen from
the 100 clusters based on varying sex, age, geographical
location, educational levels, and income. The purpose was to
maximize diversity and capture common themesrelating to the
intervention across a range of participants with differing
characteristics[19]. Nakuru district was chosen becauseit offers
adiverse population in termsof ethnicity and economic activities
[18].

The qualitative study consisted of semistructured interviews
with all HCPs (ie, 8) recruited for testing Peek, patients (ie, 40)
examined with Peek, and key stakeholders (ie, 4) involved in
shaping ophthalmic provision in Kenya and were chosen from
the ministry of health, an ophthalmic teaching hospital, and
selected nongovernmental organizations (NGOs). All patients
underwent visual acuity (VA) testing using Peek at their homes,
whereas fundal images were taken at atemporary clinic in that
cluster. At this clinic, they also underwent repeat VA and
funduscopic examinations using traditional equipment.

Four interviewers were trained to conduct the interviews and
were provided semistructured interview guides. All interviews
were audio recorded with the consent of all participants. The
patient interviews were conducted in Kiswahili and then
transcribed and trandlated. Conversely, the HCP and stakehol der
interviews were conducted in English.

The Nakuru Eye Disease Cohort Study was approved by the
African Medical and Research Foundation ethics board, which
included pilot testing of Peek and conducting interviews as part
of thelarger project. Full written consent was obtained from all
parties including the patients, HCPs, and stakeholders before
each interview and was available in Kiswahili and English.

The interview transcripts were analyzed using NVivo version
10 [20]. A framework analysis approach was used, creating
predefined themes for the coding structure. The coding
framework was guided by theoretical constructsfrom literature
on mobile usability, acceptability of technology, and previous
mHealth reviews and literature on assessing benefits of mHealth
in strengthening health care delivery [21-34].

To assess the acceptability and usability of Peek, it was deemed
important to first understand the context within which it is to
be implemented [21-23]. The analysis of the context was
therefore carried out through a coding framework proposed by
aqualitative review of mobile usability studies, which took into
account the environment, user, task, and technology [21]. The
themes involved assessing patients and HCPs' perceptions of
(1) ophthalmic service provision; (2) the barriersto seeking and
accessing ophthalmic services, that is, environment; (3) HCP

http://mhealth.jmir.org/2016/2/e30/
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role and experience, that is, user; (4) understanding the purpose
of Peek, that is, task; and (5) familiarity and views regarding
mobile technol ogy.

Thecoding for ng patient acceptability of the Peek testing
process and its functionality was informed by the definition of
acceptability by Ayala and Elder (2011) [24]. They proposed
that acceptability refersto determining how well an intervention
will bereceived by thetarget population and the extent to which
the new intervention or its components meet the needs of the
target population and organizational setting. The themes
included assessing (1) patients' perceived benefits of Peek, (2)
patient satisfaction, and (3) patient preference.

The International Organization for Standardization defines
usability asthe extent to which aproduct can be used by specific
users to achieve specific goals with efficiency, effectiveness,
and satisfaction in a specified context of use[25]. A number of
usability dimensions have been proposed by Coursarisand Kim
(2006) in their qualitative review of mobile usability studies,
which informed the coding framework for assessing usability
of Peek by HCPs[21]. The themesincluded (1) efficiency, (2)
effectiveness, (3) learnability, and (4) flexibility and operability.

The Technology Acceptance Model (TAM) and its extension,
TAM2, were used as a guide to assess user acceptability of the
technology [26-29]. This proposes that acceptability or
prediction of use of atechnology depends on the attitude toward
it, which is afunction of ease of use and perceived usefulness.
Theanalysisof perceived usefulnesswasinformed by assessing
HCPs' perceptions of the benefits. Several studies to date have
looked at the benefits of mHealth, and several frameworks have
been proposed for assessing benefits in strengthening health
careprovision [30]. Thisanaysis hastherefore adapted amodel
based on a combination of four frameworks to appraise the
potential benefits of Peek in strengthening eye care delivery.
The four main themes of the framework were adapted from the
Information Communication Technology for Healthcare
Development Model [31]. These are capabilities enhancer, social
enabler, opportunity producer, and knowledge generator. The
subthemes were based on three other frameworks proposed for
guiding assessment of mHealth in strengthening HSs
[9,30,32,33]. The components chosen for the framework are
also inlinewith the categories of mHealth initiatives established
by the WHO [34].

A thematic analysis was also conducted to explore emerging
themes and subthemes related to the study objectives that were
inferred from the data [35-37]. Analysis was conducted until
saturation was reached, which was 20 patient interviews, all 8
HCP interviews, and al 4 stakeholder interviews. After this,
the coding was summarized and modified, and connectionswere
made between related themes and between the 3 groups of
interview participants.

Results

A summary of all the themes discussed in this section is given
in Textbox 1.
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Textbox 1.

Results section summary.

Lodhiaet al

. User

o« Task

Benefits

Contextual factors

o  Environment

Patient demographics

Barriers to seeking and accessing services

. Cost

«  Lack of ophthalmic facilities, qualified providers, and support

« Time

. Lack of awareness

Role and experience of health care providers

Patient's and health care provider's understanding of Portable Eye Examination Kit

«  Technology

Attitudes toward mobile phones

Patient acceptability
«  Perceived benefits of Portable Eye Examination Kit
o  Patient preference

o  Patient satisfaction

Usability dimensions
. Efficiency

Time
Multitasking
Portability and convenience

Cost

«  Effectiveness
« Learnability
«  Flexibility and operability

«  Capahilities enhancer

Detection and diagnosis
Provider performance

Decision support

o Socia enabler

Provider-to-patient communication

Provider-to-provider communication

«  Opportunity producer
Linkage of patients to ophthalmic provision

Monitoring and surveillance
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«  Knowledge generator

«  Training and education

Contextual Factors

Patient Demographics

The number of males and females was equal and the ages of
the patients ranged from 50 to 77 years. The educational levels
varied from no education to primary, secondary, and tertiary
education and were evenly represented in the sample of patients.
With regard to occupation, 11 patientswerefarmers, 2 teachers,
2 businessmen or businesswomen, an engineer, an industrial
chemist, a civil servant, and a secretary. Apart from one
businessman who reported an annual income of 4,000,000
Kenyan shillings (KES), incomes varied mainly from 1000 to
50,000 KES per month with an average of 16,000 KES.

Environment (Patients and HCPs' Perceptions of
Current Eye Service Provision and Perceived Barriers
to Seeking and Accessing Eye Services)

Cost

Six of the HCPs and almost all patients stated seeking
ophthalmic services as unaffordable when referring to having
to pay for hospita bills and transport.

...seeking eye treatment is quite expensive. Then
again, | was not in a position to seek treatment. As
farmers, we have low standards of living and
therefore cannot afford to seek regular eye healthcare.
We only go to hospitals when eye problems persist.
[Patient #23, male]

Lack of Ophthalmic Facilities, Qualified Personnel, and
Support

The general opinion among the HCPs was that the availability
of eye servicesin Kenyawasinconsistent, with poorer provision
inrura areas. The majority mentioned that patients had to travel
long distancesto access eye care, which was made more difficult
because of poor infrastructure and roads. Another issue raised
was scarcity of qualified ophthalmic personnel. Many described
existing services as being overburdened as aresult. With regard
to prevention, most HCPs reported that they were not aware of
any formal preventive measures put in place by the government
in the region studied. The majority mentioned often taking the
initiative to educate patients when seeing them.

Similarly, from patients' point of view, the government services
in rural areas were reported to be limited to dispensaries with
no specialist ophthalmic testing services, which only provide
eye medications at a cost. Most patients also mentioned being
on their own with little support posing a challenge for them to
access treatment either because of the inability to access
transport or due to having to prioritize other issues to sustain
their livelihood. All those living in remote settings stated they
were constrained from accessing more specialist services
because of long distances.
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In contrast, those living in Nakuru, an urban town, felt that
ophthalmic facilitieswere generally accessible via government
hospitals, private hospitals, opticians, and missionary hospitals.

Most patients are very far from health facilities, we
have poor infrastructure and most clinics, health
facilities that are near people don’t have eye clinic
specialist, they just have a general doctor or clinician
and that is all. So you find that most patients don’t
get specific eye treatment. [HCP #6, female]

Itisfar andthen again, itisnot easytofind. Itishard
because even fare has to be considered and on top of
that, there is the fee for treatment which is steep.
[Patient #2, femal €]

Time

Time was reported as a significant barrier to accessing eye
services by 4 HCPs. Patients also had a similar opinion,
especially those living in urban settings where long queues at

government facilities were reported as amajor obstacle because
of difficulty taking time off work and potential loss of income.

Transportation and also long queues, time is also a
factor because some are trying to work hard to see
how the family could get along so they say the issue
of the eye can be put aside, although he cannot see
properly he saysit's an issue he can attend to later.
[Patient #39, male]

L ack of Awareness

Six HCPs mentioned lack of knowledge of eye conditions and
lack of awareness of the importance of early detection and
treatment as a barrier to patients seeking health care in both
rural and urban settings. However, they perceived this to be
more of aprobleminrural areas dueto lower educational levels
and less exposure to health carein general.

Patients acknowledged that they had limited knowledge of eye
problems. Most patients gave similar explanations for causes
of eye problems and demonstrated a particularly limited
understanding of chronic conditions. The most frequently
mentioned causes, as perceived by patients, were poor hygiene,
dust, smoke from cooking, direct sunlight, and unbalanced diet.
A couple of participants mentioned “jerreri” as a cause, which
means cataractsin their local language. Few patients mentioned
other causes such as inherited diseases, work, alcohol, and
smoking.

Interestingly, most patients revealed that they did not see the
importance of regular eye checks despite being affected by
changes in their vision. Only 4 patients brought up the
importance of timely eye checkups as a means of preventing
visua deterioration.

When asked about delays in seeking treatment, the most
common reason given by patients and HCPs was that eye
problems were not perceived to be serious enough to require
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urgent treatment, particularly when faced with barriers to
accessing services. Furthermore, patients and HCPs perceived
local myths and traditional practicesin their communitiesto be
a consequence of poor knowledge, leading to patients not
seeking or accepting treatment. They highlighted the need for
awareness creation through education and involvement of village
chiefs.

...I thought that the problemwas not very seriousand
| waited to see whether | would get better on my own
but when that did not work, | sought medical
treatment. This is because there are no mobile eye
doctorslike you doing rounds creating awareness on
eyeissues. Someone like | will wait until | amsick to
seek treatment because there is no one giving people
information to help prevent these problems. [Patient
#9, mal€]

They should receive help from people like chiefs who
are more knowledgeable. They should be helped in
accessing treatment. It can help in prevention.
Because most people are now useless. [Patient #2,
female]

User (Role and Experience of Health Care Providers)

There were 6 male and 2 female HCPs consisting of
ophthalmologists, ophthalmic clinical officers, and members
of the advance team. The members of the “ advance team” were
responsiblefor tracking participantsfor the study enumeration,
using Peek totest vision at patients home and ophthalmic testing
using traditional equipment in clinics. One of them had the
additional responsibility of software maintenance. An
ophthalmic nurse was also part of this team and was aso
involved in counseling and preparing patientsfor surgery. Most
HCPshad no prior training in eye care before joining the Nakuru
Eye Disease Cohort Study. Their experience in ophthalmic
service provision wastherefore mainly limited to the year during
which the study took place, with the exception of the
ophthalmol ogists, one of whom had 18 months and the other 4
years of experience.

Task (Understanding of Peek)

When asked to describe Peek and the examination process, the
responses from HCPs varied based on their role and experience
as ophthalmic providers. Most HCPs correctly mentioned that
Peek incorporates several examinations in one device, thus
enabling a basic eye examination comparable to traditional
techniques. All the HCPs who were primarily responsible for
providing outreach services described Peek as a tool for VA
testing, and most needed prompting before mentioning its other
uses in performing eye examinations such as anterior eye
examination and fundoscopy. Most HCPs also highlighted Peek's
capability for dataanalysis, information sharing, communication
with colleagues, and other basic functionalities such as
browsing, testing, and calling.

The patients interviewed demonstrated a good understanding
of the technology and its purpose for ophthalmic testing and
described it as an alternative and possible substitute for
traditional eye examination. Two patients, however, were not
aware that the MP was being used for eye examinations.
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Technology (Attitudes Toward Mobile Phone
Technology)

Patients, HCPs, and stakeholders all had positive attitudes
toward MPs and smartphone technology. Mobile phones were
referred to as innovative, advanced, new, and highly
technological. They reported that the technology had made
communication easier. Several patients revealed a familiarity
inusing MPs and felt that the attitude of the community toward
M Ps depends on exposure, awareness, and education. The HCPs
and stakeholders had similar views and mentioned that MP use
was widespread in the area. One HCP and patient reported that
the use of MPsin Kenyawas best known by the money transfer
initiative called M-Pesa that has been adopted by a large
proportion of the population. All participants were optimistic
about the potential uses of MPs, especially smartphones, and
portrayed enthusiasm for technology.

| think that the MP is a highly technological piece of
equipment. It isvery advanced. [Patient #27, femal €]

In Kenya generally people are used to SMS, they are
used to M-Pesa and the technology which isthere is
almost comparable to that. | think the kit generally
most people are able to operate. [HCP #3, male]

We all like new technology, we are all thirsty for new
innovations in eye health because of the many
challenges in service delivery. [ Stakehol der #4]

Patient Acceptability

Benefits as Perceived by Patients

All patients perceived Peek to be beneficial as its portability
brings examination and treatment closer to them. They perceived
it asaway of overcoming many of the aforementioned barriers.
The patients also suggested that it could increase detection of
eye problems because it can reach a larger population. This
could be achieved by providing earlier eye examinations for
those who lack awareness or those unableto accessexisting eye
services. The use of Peek was also seen to have the potential to
increase awareness about eye conditions in general as it uses
mobile technology, which is considered to be acceptable for
patients. Many patients also deemed Peek to be efficient and
economical for themselves and the HS because it saves time,
costs less, and reduces the burden on health care personnel.
When patients were asked about how long it took to receive an
eye examination with Peek, 17 of the 20 patients recalled the
time to be between 2 and 20 minutes. The other 3 patients did
not mention an exact time. When they were asked about the
duration of traditional eye examinations, the responses varied
between 30 minutes and 4 hours.

Patient Satisfaction

All patients stated that they were satisfied with the service
offered. Eighteen of 20 patients did not report concerns
regarding the technology. Moreover, when asked about further
comments about Peek at the end of the interview, the magjority
of patients stated that they were hoping for the service to be
more accessible to them.
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Nevertheless, some patients expressed potential doubts about
their community's uptake of Peek. Thesewill be discussed later
in this paper.

Patient Preference

When asked about whether patients preferred traditional
examinations or Peek, 10 patients expressed a preference for
Peek, 7 stated no preference, and 3 preferred the traditional
examination. The main reasonsfor preferring Peek were shorter
examination time, simplicity, efficiency due to multiple
examinations combined in one tool, being seen at home, and
theincreased potential coverage of the population in need. Those
who did not express apreference stated that their decision would
be dependent on the actual availability of the intervention. Two
patients who preferred traditional examinations referred to the
ease of reading larger |etters. Another patient described clinic
equipment as having fewer potential side effects, although he
then conveyed his support for Peek to be incorporated into
policy service provision in rural areas where the need was
perceived to be greatest.

Patient Acceptability as Perceived by Health Care
Providers

The HCPs also perceived Peek to be acceptable to patients.
They reported that patients appreciate a service that is brought
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closer. Furthermore, according to HCPs patients were curious,
interested, and willing to be examined by the new technology.
Some HCPs also mentioned that the use of Peek helped
overcome patients fears related to being tested with traditional
techniques, as mobiles are more familiar and therefore patients
are likely to be more comfortable being tested with MPs.

The application being the first to debut in Kenya
mostly using testing people withit, it isamazing and
people are like they wish to be checked using the
phone. [HCP #4, male]

Analysis of Health Care Providers Usability of Peek
Usability Dimensions

Bearing in mind the context of use described earlier, an analysis
of usability was carried out using the predefined usability
dimensions, that is, efficiency, effectiveness, learnability, and
flexibility and operability, as summarized in Table 1. While
assessi ng efficiency, the following subthemes became apparent:
speed, multitasking, convenience, and cost. Table 1 summarizes

the analysis of perceptions of the HCPs regarding usability of
Peek as per predefined usability dimensions.
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Table 1. Usability dimensions.
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No. of

Usability dimension HCPs*  Rationale given by HCPs

Benefitsrelating to us-
ability dimension

HCP quotes

Efficiency

Time 8 Simple and easy to use, with

less manual record keeping.

Multitasking 6 Requires less equipment to
navigate and manpower to

conduct examinations.

Portability and 7
convenience

Easier to carry around com-
pared with traditional equip-
ment.

Cheaper equipment (10,000~

40,000 K ESPcompared with

more than 1,000,000 KES for
traditional equipment), trans-
port, and negligible software

Cost 6 costs and replacement costs.

Effectiveness 6
traditional equipment.

Learnability 8
ful, no expertise required.

Flexibility and 8
operability
nology.

Accurate, equal, or better than

Ability to see more pa-
tients, early diagnosis,
and treatment.

Saves human resources.

Increase access and
coverage in remote ar-
eas.

Economic gains for pa-
tientsand service provi-
sions.

Ability to provide better
analysis of findings,
compared with the sub-
stitute.

“ ...itwill be more effective in that we will
be able to get to see more patients with eye
problems and in that case | will be able to
solve them early enough and our patients
will not have to go blind..”

“ ...you can multi task it by doing all the
examination at the same place without
moving just by the touch of the application,
so it will makeit better”

“ ...it'sportable and one can be able to ac-
cessrural areas whereinfrastructureis
poor so in terms of accessing those places
you will be ableto get peoplewho could not
think of getting help..”

“ ...the cost of one Portable eye kit doeslike
very many examination procedures com-
pared to the machines so it makes it cheap-
er, two the cost of transport is cut down
because I'll be able to visit the client at
hig’her own convenience..”

“ The phoneisautomatically accurate than
the traditional type of equipment. PEEK is
more advanced than the traditional equip-
ment givesyou the exact figuresand images.

Clear instructions; though use-

Quickly modifiable based on
user feedback and robust tech-

It is very accurate. Excellent in fact”

“ ...anybody aslong as you have something
in between your earsthat is a brain then
you can actually work. Because everything
isjust written and where it is not written
you can actually seeit everything is self-
explanatory with algorithms?

Usableby lessqualified
HCPs with limited
smartphone knowledge.

User-friendly, easy to
maintain, and meets
different needs.

“ ..itisstill open ended it isnot closed so
itisit isable to accommodate, new things
and new ideas and new situations that may
vary from one region to another from one
country to another so it is adaptable”

3HCP: health care provider; KES: Kenyan shilling.

HCPs and Stakeholders Perceptions of Benefits of
Peek in Eye Care Delivery Using a HSs Approach

Capabilities Enhancer

Detection and Diagnosis

The HCPs and stakeholders believed that Peek can increase the
chances of diagnosing eye problems and is thought to have the
potential to be used as a screening tool to increase detection of
poor vision. They perceived earlier detection to be beneficial
in reducing the burden of blinding eye disease and thereby
increasing general standards of living. Nevertheless,
stakehol ders stated that the success of Peek as a screening tool
will depend on proven accuracy, sensitivity, availability, and
ensuring high-quality service delivery.

Well the more sensitize a technology you have for
detecting problems and the more easily available it
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is, it means you are going to start detecting many
more patients and so that's good for the patients so
that more people get to know more earlier that they
have a problem. [ Stakeholder #1]

Provider Performance and Decision Support

The opinion among HCPs and stakehol derswas that Peek could
alow for task shifting and improved human resource
management by providing support to community health
volunteers (CHVs). Thiswas seen as a potential solution to fill
infor the shortage of ophthalmic workforce. Peek was perceived
tolead to improved outcomes of the services provided asadirect
result from its user-friendly platform, inbuilt decision-support
algorithms, and data analysis capabilities. These features of the
application were also perceived to help in managing and
organizing workload of HCPs, for example, by prioritizing
referrals. Furthermore, the application was thought to have an
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impact on increasing HCP motivation and self-confidence in
detecting and consequently managing eye problems.

| can even be able to collect, gather data from the
field and it gives me some clear information on some
decisionsthat | amabout to make. The same way the
smartphone and for example PEEK isdoing; itisable
to do some basic examination that is able to separate
those who need to see a doctor urgently and those
who do not need urgently. [ Stakehol der #3]

Social Enabler

Provider-to-Patient Communication or Client Education

Most stakeholders stated the value of Peek in providing instant
feedback to patientsthrough theimages, which areimmediately
available on the phone. Stakeholdersdescribed itsvalueinterms
of explaining the diagnosis to the patient, reinforcing patient
understanding, decision-making, and confidence. According to
one stakeholder, thisisfurther enhanced by the ability to contact
relatives who are unable to make it to the clinic. Stakeholders
highlighted that seeing an image of a damaged retinaand optic
nerve can help patients understand the seriousness of their
problem and thus they will be more likely to urgently seek and
comply with treatment as a result.

Provider-to-Provider Communication

Stakeholdersreferred to the potential role of Peek in enhancing
communication between HCPs as a beneficial feature, for
example, enabling remotely located ophthalmol ogiststo provide
less qualified HCPswith support in decision-making. Peek was
also perceived to overcome current problems in data transfer
by generating imagesin aformat that can easily be transferred
to other HCPs, which existing equipment does not allow. These
qualities of Peek are further reported as vital for task shifting
to be successful.

Opportunity Producer

Linkage of Patientsto Ophthalmic Provision

Similar to HCP views, according to al the stakeholders
interviewed, Peek was perceived as bringing service provision
closer to patients who need it most. This was deemed possible
by being ableto conveniently and efficiently provide ophthalmic
servicesin remote settings, thereby overcoming logistical issues
in having to set up clinics. Additionally, 2 stakeholders
commented on the ability of Peek to increase public confidence
in ophthalmic workers and in service provision, which is
currently challenged by poor uptake of eye services.

...those who are in the most remote areas who have
the highest prevalence for blindness will now be
linked to the health system and so people will be able
to find them and treat them. [HCP #7, mal€]

Monitoring and Surveillance

Features of Peek such as data storage and Global Positioning
System tracking are thought to be desirable by stakeholdersin
strengthening monitoring and surveillance, thereby better
contributing to policy-making and resource planning.
Additionally, they perceive Peek to enhance follow-up by being
able to locate patients easily.
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Knowledge Generator

Training and Education

Peek was also deemed as a training opportunity by both HCPs
and stakeholders, because discussing management of eye
problems with qualified and experienced ophthalmic
professionals is thought to increase knowledge and skills of
those with limited training. Furthermore, according to
stakeholders and HCPs, Peek offers an opportunity to educate
and sensitize the population about eye health. Consequently,
the overall opinion wasthat Peek contributesto increased patient
awareness and knowledge.

Analysis of Perceived Barriers, and Proposed
Facilitatorsfor Overcoming Potential Barriersto
Adoption and Deployment

Neither the patients nor the HCPs reported any major obstacles
with the use of Peek during the examination. However, the
following themes emerged from all parties as potentia
system-related challenges in implementation that need to be
considered for deployment.

Government | nvolvement

L ack of integration with the national health system and potential
lack of government involvement were seen as major challenges
to deploying Peek. Early involvement of government, policy
makers, and health management teams in decision-making was
therefore considered by stakeholders and HCPs to be essential
to ensure sustainability of the program. These participants
proposed working with the government at all stages from
development to implementation. State involvement was also
regarded as essential to gain public trust in the intervention;
integrate services, and setting guidelines, standards, and
protocols for national implementation and adoption.

Funding

Lack of funding was discussed as a barrier to deployment and
sustainability of the program. Government support and
partnership with NGOswas put forward asasolution to increase
availability and affordability of Peek and integration with
existing services. The new health restructuring in Kenya, where
management has been devolved to county level, was perceived
to be most likely beneficial in sustaining the intervention as
resources are more likely to be spent where most needed.
However, the priority given to eye health nationally was seen
by the stakeholders to influence any future decisions about
funding. Moreover, as indicated by one stakeholder, a
cost-benefit analysisand evidence for effectiveness are essential
for obtaining funding.

Other options suggested for funding were donor support for
financing and other resources required for the program.
Stakeholders also suggested that the government would
financially benefit from adopting Peek, asit is perceived to be
cost-effective compared with traditional ophthalmic testing
methods.

From an economist point of view, | would say it isa
good, it is a project worth financing. [Stakeholder
#3]
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Communication and Technology Awareness

Although none of the patients expressed any reservations or
fear of being examined by Peek, some mentioned that thereis
apossibility that certain people may not understand the purpose
and value of the application. Another perceived barrier to
adoption of using Peek was miscommunication. For instance,
initially 1 patient reported having reservations about the use of
Peek but was comfortable with it as soon as the examination
stepswere clearly explained. Furthermore, acceptance wasalso
deemed to be governed by the level of education. Therefore,
the importance of familiarity with MPs and the need for good
communication on the utility of Peek were highlighted by
several patients, HCPs, and stakeholders. Some exampleswere
given for reasons of possible misunderstanding in the
community, such as the phone being used to take patient's
pictures instead of retinal images, cultura reservations about
MPs, and fear of MPs having negative health effects.

Counselling and sharing with them and giving them
reason as to why, especially if the patient needs
examination, you just understand the patient and help
the patient to understand. [HCP #6, femal €]

Training and Product Support

A potential challenge mentioned by both stakeholdersand HCPs
is the need for setting up training for using Peek and product
support if it were to be deployed sustainably. Consequently,
they suggested the need to plan for a strong support team.
Nevertheless, Peek was perceived as more sustainable than
traditional equipment, with less likelihood of requiring
replacement of expensive components. From patients point of
view, equipment quality was an important factor to ensure a
high standard of care provision.

...it is more sustainable than the equipment we are
providing and that is what | see. Because if these
equipment breakdown, they have to be serviced and
they have to buy spare parts, of which right now we
have several equipment that are not working because
of spare parts. [ Stakeholder #4]

Data Protection

According to HCPs and stakeholders, maintaining confidentiality
of patient information is paramount and a potential barrier to
sustainability and acceptability of the intervention. They
proposed the need to ensure that a robust and secure data
encryption systemisin place. In addition, good communication
was al so reported as necessary to ensure that patients understand
and are reassured about confidentiality. One stakeholder
involved in building a central ophthalmic data collection unit,
the Ophthalmic Service Unit designed to be linked to Hospital
Management Information Systems, stated that it has been
difficult to implement the system in Kenya. The suggestion for
the implementation process was that it is important to link
patient data, collected using Peek, to the HCPs' clinic as well
as the central database for safekeeping.

Another issue raised was that mobile phone devices could be
stolen when used in insecure remote areas, thereforereinforcing
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the need for robust security measures in addition to a data
protection system.

Community I nvolvement

Stakeholders and HCPs described the benefits of training the
local population for community mobilization. They suggested
that training the local population to run the program will
overcome any potential obstacles related to acceptability and
sustainability. Patients saw the importance of community
participation as key to building trust and confidence in the
program and put the population at ease. From one stakeholder's
point of view, getting public support is also very important to
tackle cultural barriers. One patient referred to the M-Pesa
service as an example of a program that has managed to drive
community mobilization.

...early involvement and train locally available people
to actually address some of those bugs that can arise
that can cause a problem... [HCP #3, maleg]

Increase in Demand for Ophthalmic Treatments

One obstacle mentioned was that the HS may not be able to
cope with managing the increase in cases detected by Peek. A
solution suggested by both HCPs and stakeholders to combat
thisproblemisrecruiting CHVs. The value of Peek in supporting
HCPs who have limited training in eye care playing the role of
CHV's has been highlighted throughout this study. Moreover,
a stakeholder mentioned how Peek can be used to prioritize
cases, which helps with shifting demand and coping with
increasing workload. One stakeholder al so proposed to introduce
Peek to those traineesin the community who will become future
HCPs.

Infrastructure

The accessibility of MPs and infrastructure supporting the use
of mobileswas reported as being key for sustainability of Peek
by HCPs and stakeholders. Infrastructure-related barriersraised
were shortage of devices and poor mobile network provision
and internet coverage, making it difficult to send acrossimages
and patient information to the central database aswell as other
HCPsfor advice. They proposed partnering with and acquiring
support from key network providersto increase availability and
affordability of both the device and mobile data usage. Power
shortages in rura areas leading to inability to charge phones
were also mentioned as potential barriers to service delivery
with Peek. Provision of HCPs with a battery-powered charging
system and backing up data were given as potential solutions.

You know the challenges of network in Kenya, the
downs, you know sometimesit just disappearsin some
areas and especially in the villages, in the remote
areas. [ Stakeholder #2]

Discussion

This qualitative study offers acomprehensive understanding of
the potential value and barriers to the deployment of the
smartphone-based eye examination system, Peek, in developing
countries with limited coverage of ophthalmic services. Peek
as astand-alone system is useful; however, in conjunction with
smartphone functionalitiesit offersahighly desirable advantage.
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To date, studies eval uating mHealth have mainly assessed basic
use of MP technology with limited evidence on the value of
using smartphones for health care [7,12]. This study showed
that Peek is an acceptable examination kit for HCPs, patients,
and stakeholders and has the potential to strengthen the delivery
of eye care in resource-poor contexts. The study has aso
illustrated the potential challengesand facilitatorsthat arelikely
to affect the adoption and deployment of Peek.

The analysis of the user, task, technology, and environment
gives an overall understanding of the context in which Peek is
being evaluated. The patient diversity, patient demographics,
and the HCP roles and experience utilized in this study are
considered to be the representative environment for which Pegk
has been designed and in which it will likely be deployed. Most
HCPs had limited ophthalmic specialist training, serving as
CHV s with experience restricted to the year in which the Peek
study was undertaken. This has provided useful insights, because
if Peek were to be deployed, it is likely that CHV's will be
recruited because of the shortage of ophthalmic professionals
in devel oping countries.

Overall, HCPs demonstrated agood understanding of the utility
of Peek, that is, its task. The analysis of attitudes toward
technology revealed that HCPs, patients, and stakeholders
perceived the population as being familiar with MPs and
receptive to them being used. These viewsreflect theincreasing
penetration of M Psand more specifically smartphonesin Kenya.
This enthusiasm for MPs has been greatly influenced by a
number of initiatives: M-Pesa's money transfer initiative that
has driven MP usagein the remotest of settingsand Safaricom's
initiative to make smartphones more affordable through the
introduction of cheaper android devices, which have led to
increasing smartphone subscriptions [11].

The analysis of the context also revealed significant barriers to
seeking and accessing ophthalmic services in the current HS.
Both HCPs and patients felt that there was a rural—urban
disparity with almost no established services in rural settings.
This was reported to lead to patients having to travel long
distances, having to encounter long waiting times at
overburdened government facilities, and having a lack of
awareness about timely detection and treatment.

Peek was found to be acceptable to patients, all of whom
expressed being satisfied with Peek. Moreover, the analysis
revealed that contentment with the service was often related to
the quality of service provision. Most participants supported
the use of Peek because it was perceived to be fast and
convenient and to be able to reach alarger population in need,
in addition to overcoming the aforementioned barriers. Peek is
also deemed to have generated a lot of interest among the
communities and is therefore an opportunity for increasing
awareness of eye health within the population. Although limited,
ahandful of studies have shown the value of mHealth initiatives
in creating awareness, for instance, in generd health, HIV/AIDS,
and women's health in low-income countries [34].

The analysis of the usability of Peek based on predefined
usability dimensions demonstrated that per HCPS' perceptions,
Peek generally fulfills the criteria for all dimensions assessed.
These included efficiency, effectiveness, learnability, and
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operability and flexibility. In addition to the usability of Peek,
the analysis confirmsthat Peek isacceptableto HCPs. Thiswas
demonstrated by their perceived ability to use Peek easily, fulfill
their role, and meet the challenges of ophthalmic provision.

An analysis of the views of HCPs and stakeholders using a
model adapted from rel evant literature showed the value of Peek
in strengthening the HS's ability to provide eye services[30-33].
Peek was perceived to be a capabilities enhancer for HCPs
through the provision of diagnostic and decision support. This
has already been introduced as an important feature of mHealth
initiatives in supporting HSs as proposed in current literature
[9,33]. The possibility of using Peek as a screening tool isalso
discussed under this theme, and its success is thought to be
dependent on being able to prove its accuracy, sensitivity,
accessibility, and ability to offer a high standard of service
delivery. It istherefore vital that these qualities are satisfied in
addition to other criteria required for enrolling a screening
service before Peek can be rolled out for this purpose [38]. A
qualitative study of the accuracy of the tool has been carried
out alongside this qualitative study, which has proven its
accuracy, repeatability, and consistency asavision-testing tool.
Another study is also underway to determine its suitability as
ascreening tool in children at school.

Peek’s value in creating opportunities that help in supporting
health care delivery was also highlighted. These included
offering eye care closer to patients and enabling monitoring and
surveillance. Additionally, Peek was deemed to be a social
enabler and improved communication between providers
themselves as well as with their patients. Another theme
highlighted was knowledge creation and devel opment of skills
by offering training opportunities. The outlined benefits of Peek
show itspotential valuein supporting CHVsin providing ahigh
standard of care through its inbuilt functions, because these
support decision making as well as communicating with
qualified ophthalmic professionals who can offer advice
remotely. Other studies of mHealth in developing countries
have demonstrated the value of MPs in tackling the current
barriersto service provision and improving the range and quality
of services offered by CHVs [34,39,40]. Moreover, these
benefits are likely to play an important role in the near future,
with the increasing double burden of disease in Africa where
chronic ophthalmic conditions, such as glaucoma, age-related
macular degeneration, and diabetic retinopathy, are also likely
to become more prevalent. Asaconseguence, the need for Peek
to be offered within a well-coordinated HS that is capable of
screening for and managing these conditions as part of secondary
prevention effortsis likely to become increasingly essential.

Given the paucity of studies and established guidelines on
large-scal e implementation of mHealth, the views of all parties
gathered during this qualitative analysis assisted in
understanding the challenges and facilitatorsin deploying Peek.

Thisanalysisbrought out several common themesthat highlight
key considerations that are likely to affect adoption of Peek.
Many of the challenges reported are similar to those mentioned
in previous mHeath studies [41]; however, several unique
considerations were also revealed that are specific to Peek and
the context in which it islikely to beimplemented. The themes
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that emerged included the need for (1) government support and
involvement in deployment, (2) building capacity to train HCPs
and maintenance of Peek, (3) maintaining a high standard of
care and good communication about the purpose of using Peek
with al patients, (4) community mobilization, (5) increasing
capacity to manage increasing demand for eye treatments, (6)
ensuring general eye health awareness and linking with primary
health care, (7) ensuring data protection, (8) ensuring
accessibility to smartphone technology at low cost, and (9)
infrastructural support such as mobile charging systems and
improved network coverage. These considerations serve as
guidance for the future implementation of Peek.

Although previous mHealth studies have been conducted on a
small scale, areview of literature has shown that thereisaclear
opportunity for successful mHealth interventions when proven
to be acceptable, accessible, easy to use, affordable, appropriate
to thelocal context, and integrated within the HS[8,39,42-46].
Peek therefore shows promise for success.

Limitations

Since the qualitative analysis was carried out on data that had
been collected retrospectively, there was limited opportunity
for an iterative process whereby initial data analysis can guide
further interviews. Moreover, in an attempt to answer specific
predefined objectives, datawere collected from semistructured
interviews, which limited open-ended questions. Additional
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open-ended questions would have allowed for a more in-depth
exploration of themes.

Conclusion

The analysis of context illustrated the perceived importance of
addressing rural -urban disparity and thereby the need to increase
access and coverage of ophthalmic provision. The key barriers
highlighted were cost, distance, time, and lack of awareness of
the importance of timely detection and treatment. From the
analysis of patient, stakeholder, and user views regarding Peek,
it can be concluded that Peek offers an acceptable solution to
overcoming barriers to access to eye care, fulfills the criteria
for usability for HCPs, and acts as a means to strengthen eye
care delivery. Peek is perceived to be valuable predominantly
inincreasing coveragein rural settings, thereby contributing to
the third global goal for sustainable development [47]. As
proposed by the HCPs and stakeholders, it isalso likely to have
a bearing on reducing burden on ophthalmologists who with
the help of CHV's using Peek can now work remotely through
task shifting. To successfully deploy Peek and achieve universal
coverage, it is considered imperative to build a sustainable
model by integrating and working with the government, local
communities, and NGOs. Ongoing research would be required
to evaluate the processes of deployment and to assess whether
the benefits outlined trand ate to improved eye health outcomes
and public health indicators.
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Abstract

Background: Nigeria contributes only 2% to the world’s population, accounts for 10% of the global maternal death burden.
Health care at primary health centers, the lowest level of public health care, isfar below optimal in quality and grossly inadequate
in coverage. Private primary health facilities attempt to fill this gap but at additional coststo the client. More than 65% Nigerians
till pay out of pocket for health services. Meanwhile, the use of mobile phones and related services has risen geometrically in
recent yearsin Nigeria, and their adoption into health care is an enterprise worth exploring.

Objective: The purpose of this study was to document costs associated with a mobile technol ogy—supported, community-based
health insurance scheme.

Methods: Thisanalytic cross-sectional survey used a hybrid of mixed methods stakeholder interviews coupled with prototype
throw-away software devel opment to gather data from 50 public primary health facilities and 50 private primary care centersin
Abuja, Nigeria. Data gathered documents costs relevant for areliable and sustainable mobile-supported health insurance system.
Clients and health workers were interviewed using structured questionnaires on services provided and cost of those services.
Trained interviewers conducted the structured interviews, and 1 client and 1 health worker were interviewed per health facility.
Clinic expenditure was analyzed to include personnel, fixed equipment, medical consumables, and operation costs. Key informant
interviews included a midmanagement staff of a health-management organization, an officer-level staff member of a mobile
network operator, and a mobile money agent.

Results: All the 200 respondents indicated willingness to use the proposed system. Differences in the cost of services between
public and private facilities were analyzed at 95% confidence level (P<.001). This indicates that average out-of-pocket cost of
services at private health care facilitiesis significantly higher than at public primary health carefacilities. Key informant interviews
with a health management organizations and a telecom operator reveal ed high investment interests. Cost documentation analysis
of income versus expenditure for the major maternal and child health service areas—antenatal care, routine immunization, and
birth attendance for 1 year—showed that primary health facilities would still profit if technology-supported, health insurance
schemes were adopted.

Conclusions. Thisstudy demonstrates a case for theimplementation of enrolment, encounter management, treatment verification,
claims management and reimbursement using mobile technology for health insurance in Abuja, Nigeria. Available data show
that the introduction of an electronic job aid improved efficiency. Although it is difficult to make a concrete statement on
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profitability of this venture but the interest of the health maintenance organizations and telecom expertsin this endeavor provides

apositive lead.

(JMIR mHealth uHealth 2016;4(2):€37) doi:10.2196/mhealth.4342

KEYWORDS

mobile health; mHealth; eHealth; health financing; health insurance; public health informatics

Introduction

Background

This study aimsto document costs associated with and provide
justification for adoption of mobile phone as an alternative to
drive the uptake of community-based health insurance schemes
(CBHIs). Studies have shown that one of the biggest challenges
of health care systemsin developing countriesisfinancing [1].
Data from World Bank puts the percentage of persons living
on less than a dollar a day in Nigeria at 68.0% [2]. The
Presidential Task Force on maternal hedth in Nigeria, in a
randomized research, found that 30% of participating pregnant
women could not use maternal health services owing to their
inability to pay [3]. The government remains the single major
financier of health systemsin Nigeria. Nigeriahasslightly more
than 21,808 public primary health centers (PHCs) as compared
to 8290 private PHCs[4]. These numbers exclude the secondary
and tertiary health facilities.

On the basis of current health insurance coverage estimates,
most clients settle payments for health services out of pocket
at point-of-service [5]. “Evidence from other developing
countries have shown that catastrophic health spending can push
people into poverty” [6]. Reasons for poor heath insurance
enrolment despite its potential for risk pooling has been the
subject of much research [7-9]. Reimbursement methods adopted
have equally been a source of debate [9]. Because capitation
considersthe volume of clients serviced for aperiod, the clients
might not get optimum quality of care, thus adversely reducing
patient health and sati sfaction and subsequently, health outcome
[10]. Other schools of thought dictate that the fee-for-service
method has resulted in “overtreatment,” with multiple patient
visits required for services [9]. Business experts on the other
hand are looking for a“sweet spot” in this dilemma[11]. This
may be the reason why Nigeria's health insurance regulator,
the National Health Insurance Scheme (NHIS), allowsfor ause
of ahybrid of the two [5].

Nigeria’'sHealth Insurance Adoption

The NHIS was setup to provide a regulatory framework to
support the socia health insurance system for Nigerians [5].
The NHIS puts the current insurance adopters at less than 4
million of the country’s total population of about 170 million
[5]. Thisis less than 3% of the country’s population. This is
quite poor when compared to that of Ghana, with a total
population of 25 million and more than 14 million persons
enrolled in 3 years[12]. These statisticsindicate that the NHIS
fell short of its target of 30% coverage by the end of 2015 as
mandated by the Nigerian president [5]. The scheme recently
issued a guideline for CBHI [13], proposing community
prepayment and a not-for-profit model asthe preferred method.

http://mhealth.jmir.org/2016/2/€37/

States of the federation have also been authorized to run
state-based health insurance schemes. Many communities and
states currently do not possess the capacity to sustainably
manage and track the complexity of an insurance scheme [8].
As a result, adoption has been very low, and the few CBHI
pilots have not scaled. A scalable CBHI needs to solve the
problem of premium tracking, management, and accountability.
And technology has been shown to improve accountability and
transparency [14]. If properly applied, technology has the
potential to solve many of the thorny issues bedeviling the
CBHI’s adoption at scale.

For the purpose of this study, all discussions referencing health
insurance will refer to the CBHI hybrid focusing on maternal
and child health. Various models of this scheme exist, onetype,
taking its operational model from its name, is organized and
managed by community members through a committee
sometimes called “Ward Development Committee’[15]. The
committee manages drug purchases and other health facility
spending. The premium is set by the community and maintained
by committee members. It is also the responsibility of the
committeeto keep track of claimsand spending and report back
to the general community meetings[5,16,17]. This scheme has
been piloted at different timesin Lagos, Jigawa, Anambra, and
Abuja. Some regions struggle to continue implementing the
scheme after theinitial pilot, whereas others stopped at the end
of the pilot phase [7,17]. The current costing model covers
health maintenance organization (HMO) administrative costs,
NHIS administrative costs, capitation fees for the PHCs, and
fee-for-service fees for secondary and tertiary health facilities
[5]. The guidelines further stipulate that communities seeking
to join the CBHI scheme should have more than 1000 enrollees
or more than 50% of its population ready to enroll. NHIS has
not fixed premium and reimbursement ratesfor CBHI. However,
apricing templateis provided to guidethe HM Os and the health
facilitiesin reaching an agreement.

Primary Health Centersin Abuja

Maternal and child health domain of PHCs in Abuja, Nigeria,
was the scope of this work. Treatment received at a referral
center was excluded to reduce complexity.

Abuja is the federal capital territory (FCT) of Nigeria. Its
population is 2.29 million [4]. The hedlth care structure in
Nigeriais such that the federal government is responsible for
thetertiary health facilitiesthrough the federal ministry of health
and the state governments for the secondary health facilities
through their hospital management boards, while the PHCs are
the responsibility of the local government areas (LGAS). The
directory of health facilitiesin Nigeria putsthe number of PHCs
in FCT at 559, and only 179 (32%) of these are publicly owned
[4]. Abuja is administratively grouped into 6 area councils,
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equivalent of LGASs in the states of the Nigerian federation.
Areacouncilsin Abujaideally manage these 179 public-owned
PHCs. They provide operational and logistics support. The staff
salaries of these PHCs are also the responsibility of the area
councils[3].

Digital Health

There has been a massive growth in and adoption of mobile
phone and related servicesin Nigeriaover the last decade[18].
Data from Nigerian Communications Commission show that
Nigeria is one of the fastest growing markets for mobile
telephony, with penetration near 90% and over 121 million
active GSM lines as of September 2013 from 240,000 lines at
inception in 2001 [18,19]. The growth of this technology has
given rise to various uses such as car tracking, remote home
surveillance systems, and many more, and this has since been
extended to health care. This presents an opportunity to reach
a larger proportion of the underserved with mobile
technol ogy-supported health services, particularly for insurance
uptake. Many have already adopted this for health information
and education through short message service (SMS) text
reminders, and there is overwhelming evidence to show that
adherenceto drugsand hospital attendanceimproved with SMS
text message reminders[20]. Although thereislimited evidence
on how the use of mobile technology beyond SM S can belinked
to health outcomes [21], electronic medical records have been
shown to reduce costs and errors [22]. Kumar and Bauer [22]
also argued that it is possible to mine treatment data and other
information from a properly implemented electronic health
record system. Nigeriarecognized the potential technology has
to meet the ambitious Millennium Devel opment Goals4, 5, and
6. This culminated in the launch of the Saving of One Million
Livesinitiative[23]. At thelaunch of theinitiativein December
2012, the government announced a partnership with mHealth
Alliance to use information communication technology to
support thisinitiative [24]. Kai-Lik Foh, Mobile Health Manager
at the Association of GSM telecommunications operators
suggested the application of mobile technology for health
insurance in his 2011 article [25]. He listed the various
stakeholders: payers, providers, purchasers, producers, and so
forth. However, 3 years after this work, to our knowledge, no
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single paper on an operational or prototype system addressing
this exists in the public domain.

Methods

Ethical Approval

This research was the output of the principal investigator’'s
masters level dissertation studies. Data collection and analysis
were conducted between December 2013 and February 2014.
The Research Ethics Committee of the University of Liverpool,
United Kingdom, approved this study.

Design

This study is an analytic cross-sectional survey, which used a
hybrid of mixed methods, involving key informant interviews
supported by a“throw-away’ prototype software demonstration.
A review of the current literature was conducted to guide the
appropriateness of the approach. Health facility clients and
health care providers were interviewed using structured
guestionnaires. Theincome and expenditure at both the private
and public PHCs were analyzed. A client and a provider were
interviewed in each health facility visited. Fifty public and 50
privately owned PHCs were considered representative of the
study area. A throw-away prototype software system was
designed to guide respondents’ understanding of the electronic
enrolment and encounter systems. The prototype software
conceptual framework is shown in Figure 1. The software
structure shows a combination of 5 different subsystems with
special focuson end-user requirements. At thetime of interview,
only the “CommCare mobile point of care” was functional in
this multifunctional system. This was sufficient for
demonsgtration of the softwareto the health workersfor interview
purposes. The software setup and running costs were
extrapolated using the software development life cycle
methodology. Similarly, the out-of-pocket costs paid for health
services were also documented to assess the current income of
the PHC. The willingnessto pay result was used to extrapolate
proposed income per health facility. An assumption in the
income extrapol ation was that the outpatient visitswould record
50 visits for various consultations per month.
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Figure 1. Prototype Software Conceptual Framework.

Chukwu et al

Recruitment

Two structured questionnaires were used for health facility
clients (n=100) and the health workers' (n=100) interviews.
One hundred PHCs were randomly selected and visited by the
research assistants. Fifty each of private and public primary
health facilities were purposefully sampled to provide
representative spread across public and private PHCs. The
participant information sheet and the informed consent forms
were read to the clients/health workers and health workers, and
the consenting clients were interviewed after appending their
signatures. One client and one hedth care provider were
interviewed in each PHC visited. Interviewed clients had to be
aged 18 years or older and must have received antenatal,
immunization, or delivery service in the health facility visited.
Client selection was on the first contact basis. Clients not
meeting these criteria were excluded from the study, and the
next available client was assessed and interviewed. The health
worker interviewed was the most senior officer in the health
facility at the time of visit by research interviewers. For
confidentiality, all identifiable information was excluded from
the questionnaire; to ensure data validity and reduce bias,
research assistants and interviewers were enlightened on the
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objectives of the research and trained on how to ask and obtain
answers for each of the questions to reduce bias and
interobserver variation, as they were not supervised during the
interviews. The health facility and LGA codes were adapted
from the directory of the health facility [4].

The client questionnaire had 26 questions, which were grouped
under 3 parts: A, B, and C. Part A of the client questionnaire
contained questionsthat related to the reliability of the services
in the health facilities. Information on the “time of last visit”
was used to measure the frequency of health facility visits.
Although the frequency of client falling ill and other factors
might be beyond the scope of this research, these data were
necessary to document costs necessary for good return on
investment of any system targeting the primary health facility.
Client’s perception of the service provided was captured using
the “servicerating” question. Thiswas aso validated using the
“willingness to recommend others to the hedth facility,”
question, asit is expected that a client would only be willing to
recommend othersto the serviceif it was above average by their
rating. This might not necessarily be an accurate measure of
quality, as other factors may have influenced the response.
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Part B of the questionnaire captured the cost of services provided
by asking questions about “amount spent” during the current
visit, the service provided, and whether drugs were provided.
Knowledge of NHIS and the willingness to enroll were also
assessed in this section. Interviewers were trained to rephrase
the NHIS questions if the need arose. Each interviewed client
was asked about the premium they are willing to pay.

Part C only tested the current capacity of the client to use mobile
technology and phone ownership. Clients where asked if they
owned amobile phone and how long they have owned and used
amobile phone. Their ability to send structured text messages
using SM Swas al so assessed in this section of the questionnaire.

Similarly, the health worker’s questionnaire had 3 parts: A, B,
and C. Part A asked questions to ascertain the reliability of
servicein the health facility. They were interviewed about their
years of experience. They also responded to how satisfied they
were with services provided in the PHC and how satisfied they
perceive the community membersare with the services provided.
This section assessed the staff strength, which is a measure of
the human resource capacity in a PHC. It has a direct bearing
on the quality of service. Human resourceisalso afactor of the
cost of providing service in a health facility.

Part B assessed the cost of servicesat thefacility. The questions
“drugs given,” “cost of antenatal care,” “cost of outpatient
department,” and “cost of delivery” were all used to ascertain
and document the eventual cost of services in the health
facilities. Their awareness and knowledge of NHIS was also
assessed in this section. Part C assessed the health worker’s
phone ownership and capacity for using phone for SMS and
other applications.

Similarly, key informant interview was conducted for a
midmanagement HMO representative, an officer-level staff of
amobile network operator, and a mobile money agent.

Statistical Analysis

The survey data were analyzed using Statistical Package for
Socia Sciences software (version 22) [26]. Descriptive statistics

Chukwu et d

using the cross-tabul ation functionality in most cases were used
for the analysis. The analysis considered the study hypothesis
that mobile health insurance was both reliable and sustainable
and requires adequate cost documentation to demonstrate
investment case. The operations of the current PHCs were
analyzed and triangulated against the interview data from the
clients and health workers. The cost-based price model based
on time and material as described by Heizer and Render [27]
was used to compare expenditure and income to help arrive at
acosting model. The cost incurred by a health facility, private
or public, was classified into 4 groups: personnel, fixed
equipment, medical consumables, and operating costs. The
operating cost was further divided into 4 subsections. But
medical consumables were not collected during this study.
Further details of the results are discussed in the Results section.

The responses were thematically analyzed in relation to
reliability and sustainability indicators [28,29]. The costs of
antenatal, delivery, and immunization services were analyzed
for variance in mean between public and private primary health
care facilities. The variance was also tested for significance
using the Student t-test at a confidence level of 95%.

Results

Demogr aphic Characteristics

All 100-client respondents were expectant or new mothers; 51
(51%) were aged 18-34 years, 48 (48%) were aged 35-49 years,
and only 1 (1%) was aged more than 50 years.

Only 25% of clients had visited a health facility in the last
month, and 32 (32%) in the last quarter. Fifteen (15%) had
visited a health facility within 6 months and 18 (18%) within
thelast year; 10 (10%) had not visited any health facility in over
ayear. Twenty-three (23%) of interviewed women had not been
sick for over ayear, and 26 (26%) were sick between 6 and 12
months.

Table 1. Clients mean last clinic visit and last period of illness in months by age group.

Age group (years) Mean last clinic visit (months) Mean last period of illness (months) n (%)

18-34 412 6.48 51 (51)

35-49 2.61 7.30 48 (48)

=50 24.00 1.50 11

Total 3.01 6.34 100 (100)
Service Rating insurance enrolment system could benefit from this

Figure 2 shows moderate variationsin service perception rating
between respondents in public PHCs and private PHCs: 94%
of respondents said the service was between “ somewhat-good”
and “very good” in public PHCs. Thisis considered a measure
of reliability of the operation, and a mobile app—based health
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perception-based vote of confidence. Although other factors
might have influenced this output, the proportion of clientswho
would recommend the clinics to others was 89%.

The hedlth facility staff strengthswere also analyzed, asdepicted
inTable 2; 53 (53%) of interviewed health facility staff members
were female.
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Table 2. PHC type and staff strength in Abuja (N=100).

Chukwu et al

1-5 Steff 6-10 Staff >11 Staff
PHC%ype n (%) n (%) n (%) N (%)
Public PHC 5 (10) 7(14) 38 (76) 50 (100)
Private PHC 6(12) 20 (40) 24 (48) 50 (100)
Total 11 (11) 27 (27) 62 (62) 100 (100)
3PHC: primary health center.
Figure 2. Servicerating by clients.
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Cost Documentation

Themonthly expendituresincurred by PHCswere grouped into
personnel, operations, fixed equipment, and medical
consumables costs. The personnel expenditure primarily
included clinical and nonclinical staff time; fixed equipment
costs; and covering equipment such as couches, beds, building,
and so forth. The operation cost was further subdivided into
power, water, paper printing, and transportation costs. The
private PHCs are entirely self-funded for all categories of
expenditure, whereas their public equivalents have personnel
cost completely covered and receive unstructured government
subsidy for operations. Thelevel of subsidy depended on various
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factors such as the proximity of the health facility to the client,
client load, and even political interests. In other cases, some of
the public health facilities do not receive subsidies.

On the other hand, the hedth facility income stream was
analyzed based on responses from clients and health workers.
The results of the analyses are summarized in Table 3. These
income streams were categorized by health facility and service
type. Table 3 shows a wide variation between out-of-pocket
cost of service in public and private PHCs for the 3 services
surveyed. The service costs were enquired as a range instead
of adiscreet amount to address privacy concerns. None of the
100 clinics visited were accepting clients on any form of
insurance.
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Table 3. Service costs as reported by health facility staff interviewed.

Chukwu et d

PHC ownership Cost of antenatal service () Cost of OPDZconsultation () Cost of delivery service ()
(P<.002) (P<.002) (P<.002)

Public

n 50 50 50

Mean 444.5 435.5 426.5

Standard deviation ~ 541.2231 539.7704 538.1601
Private

n 50 50 50

Mean 2691.44 2008.46 2691.44

Standard deviation ~ 1472.0359 1538.7633 1472.0359
Total

N 100 100 100

Mean 1567.97 1221.98 1558.97

Standard deviation ~ 1578.7391 1393.1766 1584.7048

30PD: outpatient department, PHC: primary health center.

The cost of service as reported by the interviewed health
workers, shown in Table 3, varied widely between the private

Table4. Amount spent for health service on clinic visit day.

PHCs and public PHCs. This difference was consistent across
the 3 services assessed.

PHC ownership Amount spent at clinic today ()

Premium willing to pay ()

(P<.001) (P>.99)

Public

n 50 50

Mean 1691.42 2380.270

Standard deviation 1953.861 1736.8265
Private

n 50 50

Mean 4291.04 2380.350

Standard deviation 2663.122 1427.1472
Total

N 100 100

Mean 2991.23 2380.310

Standard deviation 2665.777 1581.4980

Similarly, client responses to amount spent for health service
as shown in Table 4 aso varied widely between private and
public PHCs. In contrast, clients in private and public health
facilitiesarewilling to pay similar average for family insurance
premium as is indicated by P>.99. This average amount they
arewilling to pay islower than current premium costs. Service
costs, particularly for antenatal service, were significantly
different in both public and private PHCs as shown by P<.001,
and any difference cannot be attributed to chance. This
differenceis clearly demonstrated in Figure 3.
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As shown in the figure, the clients interviewed at the public
PHCs spent less than those at private PHCs. On the interview
day, 21 clients (41%) in public versus 1 (2%) in private PHCs
reported spending between 100 and 500. The other extreme
also showsthat half of the clients (n=25; 50%) at private clinics
indicated spending more than 5000 on the interview day,
whereas only 4 clients (8%) reported doing the same in public
clinics.

The client interview data for premium affordability and
willingness to pay for families were marginally different from
health provider interviews, as shown in Figure 4.
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Table 5. Services provided by PHC%ype.
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Service provided Private PHC (%) Public PHC (%) n (%)

Antenatal attendance 25 (50) 23 (46) 48 (48)
Immunization attendance 12 (24) 24 (48) 36 (36)
Delivery attendance 13 (26) 3(6) 16 (16)

8PHC: primary health center.

Estimates provided in Table 6 are costs documentation averages
based on key informant interviewsfor afully functional software
system. The prevailing inflation and current cost of services
were factored in this computation. This, in reality, of course
may vary from vendor to vendor and depending on the
sophistication of different systems. The 5-year cost expenditure

Table 6. Software setup and operation expenditure.

for afully functional PHC software system was estimated to be
$115,425. This was on the assumption that each facility will
deploy a cloud computing software system. This can be
significantly lower when an LGA for instance pools resources
to cover the initial capital investment across board.

Year Seed fund expense Estimate ($)
Year 1 (Immediate) One-time software setup 29,800.00
One-time infrastructure cost and cloud computing setup cost 50,000.00
Yearly support and maintenance 10,000.00
Training software administrator 31.25
Other personnel costs 20,000.00
Total estimated seed fund for software 109,831.25
Year 1 Annual PHC?xpense
Annual data and SMS ($18.72 x 2 x 12) 450.00
Mobile device (10" tablet) 562.50
Spare mobile device 562.50
Annual device replacement (20% device value) 112.50
Annual electricity for device charging 300.00
Training of 5 PHC staff members 156.25
Total year 1 cost per PHC 2,143.75
Years2, 3, 4, and 5° Annual data and SMS ($18.72 x 2 x 12) 450.00
Annual device replacement (20% device value) 112.50
Annual electricity for device charging 300.00
Total 1-year recurrent cost per PHC 862.50
4 Year Recurrent cost 3,450.00
Total 5-year cost per PHC 115,425.00

3PHC: primary health center, SMS: short messaging service.
bYearly recurrent cost.

Excluding drugs and other medical supplies, other annual
expenditure expected per PHC for personnel cost and operation
costs detailed in Table 7. These estimates were obtained from
the prevailing electricity cost and generator fueling costs.
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Excluding medical consumables does not directly affect the
cost of running a digitalized PHC, as it has no effect in this
cost-documentation exercise.
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Table 7. Personnel and operation expenditure of a primary health center®.

Serial Monthly expenditure Unit annual rate ($) Number of personnel  Amount ($)

number

1 Clinical and nonclinical personnel 3,750 10 37,500

2 Operation costs 1875

Total 39,375

3Excluding medical consumables in adigitized primary health center, asit has no effect in this cost-documentation exercise.
Operational costs summarized in Table 7 can be categorized verification. The most common reason for delayed

into system management, transaction fees, hardware and
software maintenance, training, and software usage support.
Theincome stream for each PHC can be computed for antenatal
and delivery based on their current service rates as received
from the interviews. As listed in Table 3, the mean cost of
antenatal services is 444 ($2.2) for public PHCs and 2691
($13.5) for private PHCs. On the basis of conservative estimates
based on key informant interviews with key stakeholders, 50
clients per month per health facility was used to compute the
estimated enrolment income. Key informant interviews quoted
monthly client load for PHCs as being between 50 and 600
clients, and we assumed that 25 deliveries would be an
appropriate estimate per health facility. If theincome per health
facility is based on the hedth insurance enrolment for
recommended minimum 1000 persons/families. At the proposed
estimatefor willingnessto pay thatisat 2380 ($11.9) per family
per month. The annual premium income from each family will
add up to 28,560 ($143.5) if they are charged the average
amount they are willing to pay (Table 4). This means that for
any PHC that has up to 1000 families enrolled for their
insurance, the annual premium incomewill add up to $143,500.

The key informant interview with a midmanagement HMO
representative indicates that they reimburse for services using
a combination of fee-for-service and capitation within 30 days
of claims submission. The 30 days allows for vetting and

reimbursement was “missing or incomplete detail.” The main
reason for client service denid was attributed to
misunderstanding of servicelevel availability for selected plans
and list of hospitals including those for referrals. They noted
that enrollees complain most about perceived “substandard
drugs’ given as against out-of-pocket payees. Health facilities
are currently reimbursed through bank wire irrespective of
location. This HMO indicated that the most basic package for
afamily of 4 per annum costs 90,000 ($452). When enquired
if they encourage monthly premium payments, the response
was no. On the other hand, an individual will have to enroll
with a premium in the range of 20,000-450,000
($100.5-$2261.3), depending on service coverage and hospital
selection.

Although aformal interview with a representative of a mobile
network operator could not be conducted or because of several
reasons, in aninformal interview, an officer level staff explained
that it is possible to enroll for health insurance using SMS or
unstructured supplementary service data and that it is a part of
business priority interest for hisorganization. Similarly, amobile
money agent interviewed to assess the viability of premium
payment and service reimbursement to health facilities through
mobile money indicated that mobile money businesswas neither
lucrative nor widespread in reach to support the enterprise.

Figure 3. Comparison of private and public service expense cost by health facility.
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Figure 4. Premium that the interviewed clients are willing to pay per family per annum.
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Discussion

The major findings from this study are that there is wide
disparity in cost of payment for health services between private
and public PHC institutionsin Abuja, Nigeria. The results show
that the deployment of a mobile-supported scalable insurance
schemewill require significant investment to set up and operate.
The interviews indicate that although services are not at an
optimal level, clients are generally happy with the service they
currently receive. This, we believe, may be related to their
experience and exposure. The results of a recent survey
conducted by Sambo et a in Kaduna State in north-western
Nigeriawere consistent with the results of this study on maternal
neonatal and child health service costs [30]. However, Sambo
et al only focused on public PHCsin their research. Our results
are consistent with those of a similar study conducted by
Pathfinder International, showing that the use of point-of-care
mobile app can significantly improve quality of carein Abuja,
Nigeria [31]. In the same study, the Pathfinder International
team demonstrated that a significant number of the health
workers were happy using the electronic point-of-care tool as
against using paper forms. However, the low cost of services
at public PHCs has often been associated to the low quality of
care provided. Thisalso explainswhy although the private PHCs
charge more than 200% when compared to their public
equivalent, the number of deliveries conducted in the private
hospitals still remains at almost 4 times of that in public PHCs,
as can be seen in Table 4. The effect of introducing maobile
health insurance in primary health facilitiesin Abuja, Nigeria,
can be assessed through the implementation of existing health
information communication technology, adopting a model

http://mhealth.jmir.org/2016/2/€37/

XSL-FO

RenderX

Private

similar to the proposed model [31]. The pilot of CommCare
point-of-care decision support by Pathfinder International in
some facilities in Abuja and Nasarawa, Nigeria, demonstrated
that health facility operations were not affected negatively by
theintroduction of point-of-care technology [13]. We build our
premise on this: the introduction of digital job aid is not likely
to reduce the reliability of services of the health facilitiesusing
it. Other factors are proximity of the PHCs to the client’s
residence, irregular supply of drugs and consumables, and so
forth. Of the health facility representatives interviewed, 62%
indicated having 11 staff members or more, and this was
consistent for both private and public PHCs. Thishowever does
not always trand ate to improved quality of care. Visitsto these
health facilities often show striking contrasts, with not more
than 3 staff members at any given time. It was not clear why
this is so; however, key informant interviews suggested duty
rotation as a possible cause. Another factor worthy of note is
that the available data do not di stinguish between midwivesand
community health extension workers, which might be of interest
for afuture study.

The key informant interview with the HMO showed that the
current premium pricing may not be redlistic, as only 10%
(n=10) of clientsinterviewed were willing to pay a cumulative
of 20,000 ($100.5) per family per annum. The HM O reportedly
charges this minimum per individual and about 100,000
($502.5) per family, when we consider that many public health
facilities may still need a significant initial investment to meet
certain service delivery quality standardsthat will drive demand
for health services. The need for alternate and seed funding
becomesimportant for improving both infrastructure and quality
level and to subsidize the premium pricing.
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In February 2013, aleading Nigerian newspaper, the National
Mirror, published an article showing that Nigerian
telecommunication subscribers spent as much as 1.28 trillion
($6.4 billion) in the year 2012 for voice communications alone
[32]. If the current call rates are taxed an additional 0.01
(equivalent of $0.00005), as opposed to the current 0.30 per
second for calls within the country, a whopping income of 170
billion ($854 million) will be generated annually. This fund,
when properly managed, can be used to fill the gap the seed
funds were expected to fill and alleviate the quality concerns
in participating PHCs across the country. Furthermore, when
quality improves, demand is expected to increase, and as such,
insurance aongside its mobile-supported management
mechanism can be easily sold. However, this is only an
assumption, as it requires political support for effective
implementation. Seed funding to improve current PHC
infrastructure can also be acquired through donor funding.
Others have advocated for sin tax to bridge this gap.

The Nigerian government has provided a minimum of 1% of
its consolidated national funds for health care through the
National Health Law 2014 [33]. Both NHIS and National
Primary Health Care Development agency statutorily receive
more than 50% of this fund. This fund can support the
infrastructure and lay adequate foundation for a
mobile-supported, CBHI and point-of-care service. Funds such
as the aforementioned will make health and application of
mobile technology to health care both profitable and equitable.

Limitations

During this study and analysis, the cost of health services at the
referral facility (secondary and tertiary health facilities) was
assumed to be the same asin the primary health facility and the
mean computed from theinterviews. However, thisis not always
S0, asthetreatment increasingly becomes expensive aswe move
from primary careto secondary to tertiary. Theincome analyses
were conducted using out-of-pocket payment extrapolation. The
actual proposed income profile will vary dlightly based on
insurance enrolment and buy-in by each community. According
to Abuja FCT, millennium development goals office, drug
supplies to these public health facilities have often been
inadequate [34]. Thisis often worsened by the poor commodity
logistics at this level of care in the country. Investigations
through informal discussions show that these hitherto
insufficient drugs are sometimes wasted because of poor
logistics. The hedlth facility staff then makes up for these
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shortfalls by adopting a widely known method locally called
“drug revolving.” In this method, they are allowed to buy drugs
to augment supplies from the government and use generated
funds to maintain drug supply in the health facility; however,
they are not expected to make profits. Inconsistency in supply
of these drugs, which sometimes do not reach the health
facilities, and other equipment and structural variations makes
it pertinent for treatment price to vary from health facility to
health facility. Thisvariation can even be wider between public
and private PHCs. This poses a huge challenge for uniform
pricing and particularly for premium determination. This is
critical as NHIS is emphasizing its socia insurance role and
angling towards mandatory health insurance with the states as
drivers. Moreover, statistics available show that private
practitioners bear the burden of a larger percentage of the
population in Abuja, Nigeria, a this level of care under
consideration in FCT, as they own 68% (380 of 559) of the
PHCs [4]. The assumption that a seed fund can help fill the
identified gap also recognizes that there are other sectors
(Agriculture, Education, Environment, Power etc) competing
with health for priority investment and will have to harmonize
asksfor effectiveness.

Conclusions

Mobile health insurance presents an opportunity for wider
expansion of insurance adopters. It was easy to establish that a
mobile enrolment system will improve efficiency and reliable.
The interests demonstrated by mobile network operators and
health management organi zations demonstrate business interest
and willingness to participate. However, profitable cost for
identified stakeholders would hover around the private PHCS
mean service costs, still requiring significant subsidy. This
means that to achieve universal health coverage, insurance
costing model must consider identified variations. This study
successfully demonstrated that mobile supported enrolment,
encounter management, treatment verification, and claims
management and reimbursements can be efficient and
sustainable. It also shows that using technology can aid in
accountability and thus reliability of CBHI financing and
reimbursement. This study successfully documented income
and expenditure associated with personnel, fixed equipment,
and operation, as they influence the adoption of mabile
insurance-management system. Costsfor medical consumables
have been a topic of many other researches and were not
considered in this study.
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Abstract

Background: Despite great achievementsin reducing the prevalence of HIV, eliminating new HIV infectionsremainsachallenge
in Cambodia. Entertainment venues such as restaurants, karaoke bars, beer gardens, cafes, pubs, and massage parlors are now
considered important venues for HIV prevention efforts and other health outreach interventions.

Objective: The purpose of this study was to explore phone use and texting practices of female entertainment workers (FEWS)
in order to determine if text messaging is afeasible and acceptable way to link FEWSs to health services.

Methods: Thiscross-sectional phone survey was conducted in May 2015 with 97 FEWs aged 18-35 years and currently working
at an entertainment venue in Phnom Penh.

Results: Of the 96 respondents, 51% reported sending text messages daily; of them, 47% used Khmer script and 45% used
Romanized Khmer. Younger FEWs were more likely to report daily texting (P<.001). Most FEWs (98%) in this study reported
feeling comfortable receiving private health messages despite the fact that 39% were sharing their phone with others. Younger
FEWSs were less likely to share their phone with others (P=.02). Of all of the FEWS, 47% reported owning a smartphone, and
younger women were more likely to own a smartphone than were older women (P=.08).

Conclusions: The findings from this study support the development of mHealth interventions targeting high-risk groups in
urban areas of Cambodia. Our data suggest that mHeal th interventions using texting may be afeasible way of reaching FEWsin
Phnom Penh.

(IMIR mHealth uHealth 2016;4(2):€52) doi:10.2196/mhealth.5297

KEYWORDS
mHealth; short message service; Cambodia; female sex workers; HIV

Cambodia. Cambodiais one of the few countries in the world
that have reversed their HIV epidemic from generalized to

Despite great achievements in reducing the prevalence of HIV. concentrated; it is now confined mainly to individuals who
diminating new HIV infections remains a chalenge in engagein high-risk behaviors such as sex workers[1]. In 2013,
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it was estimated that the HIV prevalence among the general
adult population was 0.6%, reflecting asignificant decline from
the peak of 2.0%in 1998 [2]. This successwaswidely attributed
to the “100% condom use’ program targeting brothel-based
commercia relationship, which led to a significant increase in
condom use [3-6]. The passage and implementation of the
“brothel ban” in 2008, an act that criminalized brothel-based
sex work, may be making the situation more complicated
because the sex trade has since gone underground, and more
women have moved into indirect sex work through the
entertainment industry, which is less stigmatized [7].
Entertainment venues include restaurants, karaoke bars, beer
gardens, cafes, pubs, and massage parlors[8,9].

In Cambodia, asin many parts of Asia, acommon pathway for
young women from rural familiesisto migrate to urban areas
to earn a better wage and send money back to their families[9].
Many young women migrate to the capital city to work in
garment factories, which are the backbone of Cambodias
economy and employ more than 650,000 females [10], who
typically begin working in the factories as teens [11]. These
women and girls receive low pay, work long hours, and often
struggle to navigate through the new social norms away from
family oversight [12,13]. Owing to the poor wages, many seek
to supplement or change jobs and move on to more lucrative
jobs at entertainment venues. | n these roles, many women begin
engaging in one or more romantic relationships, which can
involve direct or indirect transactional sex [14,15]. Therefore,
entertainment venues are an important venuefor HIV prevention
efforts and other health outreach interventions.

Text messages (short messaging service, SMS) containing health
serviceinformation and content advising health behavior change
have the potential to be an inexpensive, discreet, adaptable,
sustainable, and scalable way of reaching the vulnerable
populations. Information about servicelocationsand availability,
live peer texting, and behavior change messages are some of
the ways in which text messages can be used to increase use of
critical services such as HIV testing.

Cambodiaisthefirst country in the world in which the number
of mobile phone users has surpassed the number using fixed
line phones[16]. The number of mobile subscribersin Cambodia
reached 20 million at the end of 2013, surpassing the country's
population by about 5 million [17]. Mobile phone use by
entertainment workers hasincreased at asimilar rate and isnow
widespread among this population [18]. Worldwide, mobile
phones are being used in developing countries to increase
contraceptive use [19], improve pharmacovigilance [20],
encourage diabetes self-management [21], collect health data
[22], increase health knowledge [23], and increase adherence
to treatment [24,25]. However, few mobile health (mHealth)
interventions have been rigorously evaluated [23,26]. So far,
there is rigorous evidence that mobile phone messages can be
successfully used to support preventative health care [26-29].
Results from recent studies show that mHealth tools can also
be successfully implemented in Cambodia in an urban setting
[20], for HIV prevention [30] among young people, using
participatory approaches [31-37].

http:/mhealth jmir.org/2016/2/e52/
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Mobile health is still an emerging field, and new projects,
particularly those in developing countries, face challenges. In
Cambodia, we haveidentified anumber of challengesfor testing
mHealth interventions. In terms of technical limitations, mobile
users often own multiple subscriber identity module (SIM) cards
in order to get cheaper in-network rates and better reception
from the competitive phone networks in Cambodia, who also
offer deals that entice usersto use their SIM cardsfor alimited
period of time [38]. Sharing phones with family members or
neighbors, privacy concerns, and varying levels of literacy are
additional limiting factors[39]. Furthermore, thereisthe added
concern that most phones in Cambodia lack the ability to text
in Khmer script, although the younger generation of tech-savvy
Cambodians is more familiar with using a Romanized Khmer
language for texting and social media.

The purpose of this study was to explore phone use and SMS
practices in order to determine whether text messages are a
feasible and acceptable way of linking female entertainment
workers (FEWSs) to health services in Cambodia.

Methods

The KHANA Center for Population Health Research reviewed
and approved this study on May 15, 2015. The Institutional
Review Board Committee of Touro University California
approved the study on May 19, 2015 (IRB Application #
PH-9015). All participants were informed of the study
procedures and purpose and gavetheir verbal informed consent
before participation.

This cross-sectional phone survey was conducted in May 2015.
To be eligible for the structured survey, participants needed to
be 18-35 yearsold, female, amabile phone owner, and currently
working at an entertainment venue in Phnom Penh, Cambodia.
Three screening questions were used to determine eligibility:
“what isyour age,” “do you currently work in the entertainment
industry in Phnom Penh,” and “ do you currently own a mobile
phone?’

A list of al FEWSs living in Phnom Penh associated with
KHANA, thelargest national organization providing integrated
HIV prevention, care, and support services in Cambodia, was
generated by outreach workers working for KHANA's
implementing partners. There were 135 women on thelist. One
hundred participantswere randomly sel ected from the compl ete
list of FEWSs. If aparticipant did not meet the eligibility criteria
or a phone number was no longer in use, another participant
was randomly selected from the list. When the list was
exhausted, we had managed to recruit 96 participantswho were
able to be interviewed.

Participants were recruited over the phone using a recruitment
script that included screening questions. If they agreed to
participate, they were given more information about the study,
and their verbal informed consent to participate was required.
Once they had given their consent, a structured interview was
conducted over the phone. A structured closed-ended
guestionnaire was developed. The questionnaire covered
demographics, text messaging practices, mobile phone use, and
privacy concerns. The questionnaire was originally developed
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in English and trandated into Khmer, the national language of
Cambodia. The hard copy document was converted into a
Google Formto facilitate datainput, which was done by multiple
research assistants.

Descriptive analyses were conducted to describe participants
age, type of entertainment venue, and history of garment factory
work using n (%) for categorical variables and mean (SD) for
continuous variables. The chi-square test or Fisher exact test
(when sample sizes were smaller than 5in 1 cell) was used for
categorical variables, and the Student t test was used for
continuous variables to compare demographic characteristics,
SM S use, phone use practices, and attitudes toward privacy and
SMS between age groups (<27 years vs. >27 years). STATA

Table 1. Demographic data of study participants by age group (n=96).

Brody et a

version 13 (StataCorp LP, Texas, USA) was used for all data
analyses.

Results

A total of 96 FEWSs participated in this study. Table 1
summarizes the demographic data. The mean age of participants
was 27.3 years (SD 5.09). Half of the sample was over 27 years
of age. Women worked as beer promoters (39%), restaurant
hostesses (16%), karaoke girls (15%), sex entertainment workers
(ie, instrip clubs, 15%), and masseuses (9%), aswell asin other
venues (7%). In total, 35% of participants had worked in a
garment factory at some point in the past.

Younger FEWs 2 Oder FEWs
Total n (%) n (%) (<27 years) n (%) (>27 years)

Demographic variables (n=96) (n=48) (n=47) P
Age 27.33(5) 23.0(3) 317 (3)

>27 Years 48 (50)
Type of entertainment work .04

Beer promoter 37 (39) 13 (27) 24 (50)

Restaurant hostess 15 (16) 10 (21) 5(10)

Karaoke girl 14 (15) 8(17) 6 (13)

Sex entertainment worker 14 (15) 11 (23) 3(6)

Masseuse 9(9) 2(4) 7 (15)

Other 7(7) 4(8) 3(6)
Had worked in agarment 23 (35) 10 (35) 13 (36) .96

factory

3FEW: female entertainment worker.

Table 2 summarizes data on SMS use. When asked whether
they had ever sent a text message, 53% said that they had. Of
those, 69% reported sending more than 1 message per day, 22%
reported sending about 1 per day, and 10% sent lessthan 1 per

http:/mhealth jmir.org/2016/2/e52/
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day. When asked what language they used most often when
sending text messages, 47% reported using Khmer script, 45%
reported using Romanized Khmer, and 8% reported using
English.
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Table 2. Use of short message service by study participants by age group (n=96).
Younger FEWs? Older FEWs
Total n (%) n (%) (<27 years) n (%) (>27 years)
Short message service variables (n=96) (n=48) (n=47) P
Have you ever sent atext 51 (53) 37 (77) 14 (29) <.001
message on amobile phone?
How often do you currently send text messages? .32
About 1 per day 11 (21) 6 (16) 5(36)
Morethan 1 perday  35(69) 27 (73) 8(57)
Lessthan 1 per day 5(10) 4(11) 1(7)
What language do you use 21
most often to send text mes-
sages using amobile phone?
English 4(8) 4(11) 0(0)
Khmer 24 (47) 15 (41) 9 (64)
Romanized Khmer 23 (45) 18 (49) 5(36)

2 FEW: female entertainment worker.

Table 3 summarizes participants’ mobile phone use practices.
Of all respondents, 77% owned at least 1 mobile phone, 21%
owned 2 mobile phones, and 2% owned 3 mobile phones. When
asked about SIM card use, 62% reported currently using 1 SIM

Table 3. Mobile phone use of study participants by age group (n=96).

card, 37% used 2, and 2% used 3. When asked about the phone
that they used most often, 53% of respondents reported using
aregular mobile phone and 47% reported using a smartphone.

Younger FEWs? Older FEWs n (%)

Total n (%) n (%) (27 and under)  (Over 27)

Mobile phone use variables (n=96) (n=48) (n=47) P
How many mobile phones do you own right now? 32

1 74 (77.1) 34 (70.8) 40 (83.3)

2 20(20.8) 13(27.1) 7(14.6)

3 2(21) 121 121
How many SIM cards do you useright .98
now?

1 59 (61.5) 30 (62.5) 29 (60.4)

2 35(36.5) 17 (35.4) 18 (37.5)

3 2(2.1) 121 121
When thinking of the mobile phone you use most often, what .08
typeisit?

Regular 50 (52.6) 21(43.8) 29 (61.7)

Smart 45 (47.4) 27 (56.3) 18(38.3)

3FEW: female entertainment worker, SIM: subscriber identity module.

Table 4 presents data on privacy and mobile phone use. When
asked to think about the phone they used most often, 39%
reported that they often shared their phone; these FEWs most
often shared the phone with work colleagues (43%); family
(24%); husbands, boyfriends, or partners (22%); and friends
(11%). When asked how comfortable they felt receiving text
messages with private health information on their phones, 97%
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said that they felt comfortable. When asked how likely they
were to respond to various types of private health questions,
79% were very likely to respond to a question about eating
vegetables, 76% werevery likely to respond to aquestion about
smoking, 73% were very likely to respond to questions about
condom use, and 87% were very likely to respond to questions
about HIV.
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Table 4. Privacy and short messaging service of study participants by age group (n=96)

Younger FEWs®  Older FEWs
Tota (27 and under) (Over 27)
Privacy and short messaging service variables (n=96) (n=48) (n=47) P
Thinking about the phone you use 37 (39) 13(27) 24 (50) .02
most often, do you share the phone
with anyone else?
Who do you share the phone with most often? .78
Work colleague 16 (43) 6 (46) 10 (42)
Family 9 (24) 2(15) 7(29)
Husband, 8(22) 3(23 5(21)
boyfriend, or
partner
Friends 4(11) 2(15) 2(8)
How comfortable do you feel receiving text messages with private .56
health messages on the phone you most often use?
Comfortable 93(97) 46 (96) 47 (98)
Not comfortable 33 2(4) 1(2
How likely are you to respond to health questions about vegetables? .16
Very likely 68 (71) 38(79) 30 (63)
Somewhat likely 12 (13) 6 (13) 6 (13)
Not at all likely 6 (6) 2(4) 4(8)
Do not know 10 (10) 2(4) 8(17)
How likely are you to respond to health questions about smoking? 49
Very likely 73(76) 38(79) 35(73)
Somewhat likely 7(7) 2(4) 5 (10)
Not at all likely 16 (17) 8(17) 8(17)
How likely are you to respond to health questions about condom 14
use?
Very likely 70 (73) 31 (65) 39 (81)
Somewhat likely 5 (5) 2(4) 3(6)
Not at all likely 15 (16) 10 (21) 5 (10)
Do not know 6 (6) 5(10) 1(2
How likely are you to respond to health questions about HIV ? 10
Very likely 83(87) 38(79) 45 (94)
Somewhat likely 3(3) 3(6) 0(0)
Not at al likely 6 (6) 5(10) 1(2)
Do not know 4(4) 2(4) 2(4)
3FEW: female entertainment worker.
Younger FEWSs were significantly more likely to work at sex Discussion

entertainment venues and karaoke bars (P=.035) and to have
ever sent a text message (P<.001); however, they were
significantly less likely to share their phones with others
(P=.021). Although not statistically significant at the P<.05
level, a greater number of younger FEWs owned smartphones
than did older FEWs (P=.08).
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Our data suggest that mHealth interventions relying on texting
may be afeasible way of reaching FEWs in Phnom Penh with
health communi cation programming that aimsto improve sexual
and reproductive hedlth literacy and access to prevention and
care. Half of our respondents sent text messageson adaily basis,
and younger FEWs were more likely to report daily texting
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(P<.001). Of those who sent text messages, 47% used Khmer
script and 45% used Romanized Khmer. Most FEWSs in this
study reported feeling comfortable receiving private health
messages, despite the fact that around half reported sharing their
phone with work colleagues. Younger FEWSs were less likely
to share their phone with others. Smartphone use was
surprisingly high, at 47%, and younger FEWswere morelikely
to own a smartphone as compared with older women.

The FEWs in our study had higher rates of smartphone
ownership and texting in both Khmer script and Romanized
Khmer than did thosein anationally representative study. These
findings are supported by national datafrom arecent study on
the use of mobile phones. Specifically, in this past study,
conducted in 2014, which included a nationally representative
sample of 2,066 Cambodians, 93% of respondents reported
owning a mobile phone and 28% owned a smartphone, which
was a 30% increase from 2013. Additionally, 68% of users
knew how to send messages in Khmer script, which represents
a21% increase from 2013, while aquarter (26%) of the sample
were able to send messages in Romanized Khmer [40].

These findings may inform future mHealth program designs.
Given that more than half of the FEWSs in this study did not
have smartphones and that this proportion among older women
was even less, app-based interventions may not reach an
important and influential portion of the population. The delivery
of information about where to find services, encouragement on
how to protect oneself against HIV, and information on how to
make contact with a peer counselor or cal for a
community-based finger-prick HIV test can all be done using
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simple text messages. However, an important limiting factor
regarding the use of text messagesis the low literacy levelsin
Cambodia, in both Romanized Khmer and Khmer script.

Smartphone use is predicted to increase further over the next
decade. In a recent report by Ericsson, a mobile Internet
company, usage trends suggest that smartphone subscriptions
in Southeast Asia are set to grow approximately five-fold by
2019 [41]. Given the likely increase in smartphone use, the
findingsfrom this study suggest that smartphone apps may also
be apowerful health tool in addition to text-based interventions.

The limitations of this study include the following. First, the
small sample size requires us to be cautious in interpreting our
results because of the limited ability to detect statistical
significance. Second, we only included FEWs in Phnom Penh
who have had some interaction with KHANA in our sample.
The levels of mobile phone use and texting frequency reported
in this study may therefore represent a more modern view than
in other areas of Cambodia. Future studies should include a
wider range of the national population, particularly those who
have not yet been reached by the KHANA intervention
programs.

Although this study had a small sample size, it provides
important evidence for the mobile phone use patterns of a
specific high-risk population within the context of rapidly
increasing rates of mobile phone usein Cambodia. Thefindings
from this study support the development of mHealth
interventions targeting high-risk groups in urban areas of
Cambodia
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Abstract

Background: In Vietnam, infectious disease surveillance data are collected via a paper-based system through four government
tiersleading to alarge delay. Meanwhile, mobile phones are abundant and very popular in the country, and known to be a useful
tool in health care worldwide. Therefore, there is a great potential for the development of atimely disease surveillance system
through the use of mobile phone short message service (SMS) text messages.

Objective: Thisstudy aimsto exploreinsightsabout thefeasibility and practicalities of the utilization of SM S text messaging-based
interventions in disease-reporting systems by identifying potential challenges and barriers in the text messaging process and
looking at lessons learned.

Methods: An SMS text messaging-based disease tracking system was set up in Vietnam with patient reports texted by clinic
staff. Two 6-month trials utilizing this disease tracking system were designed and implemented in two northern provinces of
Vietnam to report two infectious diseases: diarrhea and influenza-like illness. A structured self-reported questionnaire was
developed to measure the feasibility and practicalities of the system from the participants. On the completion of the second trial
in 2013, participating health staff from 40 commune health centers in the two pilot provinces were asked to complete the survey
(N=80).

Results: Most participants were female (61%, 49/80) and nearly half (44%, 35/80) were heads of a commune health center.
Approximately two-thirds (63%, 50/80) of participants retained the basic structure of the SM S text message report and there was
a strong influence (OR 28.2, 95% CI 5.3-151.2) of those people on the time they spent texting the information. The majority
(88%, 70/80) felt the information conveyed in the SMS text message report was not difficult to understand. Most (86%, 69/80)
believed that they could report all 28 infectious diseases asked for by the Ministry of Health by using SM S text messaging.

Conclusions: From a health center staff perspective, a disease-reporting system utilizing text messaging technology is easy to
use and has great potential to be implemented and expanded nationwide. The survey showed positive perceptions and feedback
from the participants and contributed to a promising practical solution to improve the surveillance system of infectious disease
in Vietnam.

(JMIR mHealth uHealth 2016;4(2):e65) doi:10.2196/mhealth.4509
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Introduction

Potential of Using Text Messaging in Health Care
Systems

The use of mobile and wireless technologies to support the
delivery of health care services has the potentia to transform
the face of global health service delivery [1]. In recent years,
the number of developing countries that are using mobile
technology to address health needsis growing [2]. Thisis seen
especialy in African countries, since 2014, a phone-based
system for timely integrated disease surveillance and response
in Rwanda has collected information on 23 infectious diseases
from more than 50% of health facilities nationwide[3]. In 2007,
Madagascar launched thefirst nationwide sentinel surveillance
systemfor influenza-likeillness (IL1) based on the use of mobile
phones [4]. In Uganda, the feasibility and benefits of a short
message service (SM S) text messaging-based reporting system
have been demonstrated to help program managers monitor
malariain rea time[5].

Mobile phones are becoming cheaper and increasingly
accessible. By the end of 2013, there were 97 mobile phone
subscriptions per 100 peopleworldwide. In Vietnam, the number
of subscriptions was much higher than many other countries
with 131 subscriptions per 100 people [6]. Given the wide
coverage of mobile phone services and the low cost of SMS
text messaging use in Vietnam, and the fact that the majority
of community health centers in Vietham do not yet use
computers to provide their services, there is a great potential
for the affordable provision of health servicesviamobile phones.

Thelnfectious Disease Surveillance System in Vietham

The Vietnamese health care system is hierarchically organized
into four administrative levels: central, province, district, and
commune. At the central level, the Ministry of Health (MOH),
assisted by the National I nstitute of Hygiene and Epidemiology
(NIHE) and other regional Pasteur Institutes [7], is the main
national authority in the health sector and is responsible to
formulate and implement national health policiesand programs.
At theprovincial level, within each provincethere are Provincial
Health Departments and Preventive Health Centers administered
by the Provincial People’'s Committee. At the district level, the
District People’'s Committee administers district health centers
and district-level hospitals. A commune health center isahealth
facility at the lowest level, within each commune, and serves
asaprimary access point for public health and preventive care
services [8,9]. Each commune health center typically provides
services for an average of 5000 to 10,000 inhabitants in the
commune and has only approximately five to six health care
staff members, including one physician—usually the head of

http://mhealth.jmir.org/2016/2/e65/

the commune health center—and four to five other health
professionals, such as assistant physicians, nurses, midwives,
and/or pharmacists. Due to the limited human resources for
health service provision, one commune hesalth center staff
member would have to hold multiple duties and responsibilities;
for example, a pharmacist or a nurse might be responsible for
checking patients in and out in a paper logbook and reporting
disease (a duty that anurseis normally responsible for).

Infectious disease data in Vietham are collected through a
paper-based system in which data transfers through the four
previously mentioned government tiers. Initiated at the
commune health center, disease data (eg, cumulative incidence
or mortality rates) are aggregated regularly from the patient
loghbook. Thefrequency of thiscommune-level dataaggregation
depends on the types of diseases, for example, monthly for ILI
and diarrhea [10]. Information is then sent to higher
administrative levels, to district health centers, then on to
preventive health centers, ultimately arriving a NIHE for
aggregation and analysis before being reported to the MOH
[10]. Asaresult, through this reporting system, it usually takes
2 months or longer for afinal report to reach the MOH (seethe
left-hand side of Figure 1).

Thisdelay in disease reporting often defersthetimely collection
of the most recent disease data and contributes to longer
government response times. Therefore, it has the potential to
be catastrophic in emergency situations such as outbreaks. On
the other hand, in addition to a heavy regular workload, the
commune health center staff are required to report on atotal of
28 infectious diseases [10]. In the effort to improve this, the
MOH tested an Internet-based infectious disease monitoring
and reporting system in seven provinces in 2012 [11] and
officialy launched this nationwide in 2014 [12]. However, the
effectiveness of the current system remains limited for several
reasons, including the fact that many commune heslth centers
are not equipped with computers, have limited access to the
Internet, and the system does not provide live trends of disease
data

In 2012, the Institute of Population, Health and Development,
in collaboration with the NIHE, Dartmouth College, University
of Cdifornia, Los Angeles, and ColumbiaUniversity, designed
and piloted the use of text messaging for infectious disease
surveillancein the public health care systemin Vietnam [13,14].
Two 6-month trials were carried out in two northern provinces
of Vietnam. A self-reported questionnaire survey was conducted
at the end of the second trial in 2013 to evaluate and assess the
feasibility and practicalities of the utilization of SMS text
message-based disease-reporting system from the commune
health center staff’s perspective.
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Figure 1. The flow of infectious disease information through the current paper-based reporting system (left-hand side) and the proposed SMS text

message-based reporting system (right-hand side).
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Methods

Study Settings

Two northern provinces of Vietham—Hung Yen and Hoa
Binh—were chosen to participate in the study. The first trial
was carried out in atotal of 20 communes from four districts:
Hung Yen city and Yen My district in Hung Yen province, and
Hoa Binh city and Ky Son district in Hoa Binh province, 5
communes each. The second trial was carried out in atotal of
40 communes located as follows: 17 communes in Yen My
district, Hung Yen province (a delta region); 13 communesin
Cao Phong district, HoaBinh province (amountainous region);
and 10 communes in Ky Son district, Hoa Binh province (a
mountainous region).

In both trials, the commune health centers' heads selected and
appointed two commune health center staff membersfrom each
of the participating communes to participate in the study.

Study Design

A central data repository server, monitored and managed by
NIHE and the research team, was set up. The server was
equipped with an SMS text message gateway to collect text
messages through adesignated cell phone number. In this study,
the commune health center staff members were asked to text
selective disease information for each record from the patient
logbook in a structured but simple format to this cell phone
number and make notes of successfully reported cases. Patients
diagnosed to have either of the two commonly seen diseasesin
northern of Vietnam (diarrhea and ILI) were chosen to be
reported. The disease data were then electronically collected
and stored on the data server where data were summarized and
analyzed further to generate the necessary reports. For the
purposes of monitoring, the data were also made available on
a data management website built on the server, which was
securely accessible through the Internet. Only authorized
personnel were able to access this data. The right-hand side of
Figure 1 illustrates the flow of disease information performed
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by the proposed SMS text message-based reporting system:
disease data were collected at the central level after just afew
seconds and were available immediately for different
government tiers through the previously mentioned website.

The two trialswereimplemented for aperiod of 6 monthsfrom
July to December in both 2012 and 2013. Accuracy of the
proposed text messaging reporting system was examined by
aggregating disease data from SMS text message reports,
summarizing, and comparing to data from the paper-based
reportsin the same period. An assessment survey was devel oped
and all commune health center staff participating in the second
trial in 2013 completed the survey. All related costs associated
with the text messaging process in the study, including the cost
of sending SMS text message reports, were covered by the
project.

The Structure of the Text M essage Report

The SMS text message was structured to contain a certain
number of simple encoded disease information inputs separated
by a designated delimiter. In the first trial, six chosen inputs
were commune identification number (assigned uniquely by
theresearch team), disease diagnosis (1 for IL1 or 2 for diarrhed),
patient’s age, patient’s gender, date of diagnosis, and mortality
status. The delimiter was the comma character (see Figure 2).
In the second trial, the same text messaging structure was used
in the reported SMS text message, but with three different
compositions tested in three mentioned districts. One district
was asked to send six inputs: the first five were the sasme asin
the previous trial plus ethnic group in lieu of mortality status
for the last input. One district was asked to send in only three
inputs: commune i dentification number, disease diagnosis, and
date of diagnosis. The remaining district was asked to send in
11 inputs. commune identification number, disease diagnosis,
patient's age, patient's gender, date of diagnosis, village,
patient’s occupation, patient’s ethnic group, disease symptoms,
treatment provided, and name of physician. In the second trial,
a space character was used as a delimiter.
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Figure 2. The structure of the SMS text message report in the first trial.
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Training and Monitoring

Face-to-face training classes, focusing on SMS text message
sending techniques and sometypical mistakes, such asmistyping
or duplicate reports, were provided to al the participants in
preparation for the implementation of each of the trials. Two
participating commune health center staff members from each
commune health center, who were appointed and registered
with the study by the commune health center’s head, attended
the training. Handouts and leaflets about the study were also
provided to the commune health center staff members at the
training.

To minimize mistyping, typos, or duplicate SM S text message
reports, the data were monitored closely through the data
management website by a project officer. Daily SMS text
message reports were randomly checked and any mistyping or
doubtful report was reported by phone to the corresponding
commune heath center staff member for double-checking,
fixing, and resending if necessary. On-site monitoring tripswere
aso organized every 3 months during the implementation of
the project to some randomly chosen commune health centers,
where the research team checked with the commune health
center staff members to make sure the protocol of the project
was followed precisely, for example, commune health center
staff compliance with the SMS text message report sending
instructions or consistency between the patient |ogbook and the
SM S text message reports on any random date.

Survey Development and Data Collection

A structured self-reported questionnaire was developed to
measure the feasibility and practicalities of the SMS text
message-based reporting system. Information was collected
including (1) general and demographic information of
participants, such as gender, ethnicity, or position at the
commune health center; (2) characteristics of SMS text
message-based surveillance system, such as structure of SMS
text message reports, time spent sending SM'S text messages,
or their thoughts about the system; (3) technical issuesthat arose
during the texting process, what issues they met when sending
messages, and how they dealt with the situation; (4) facilities
at the commune health center, such as computer and Internet
capabilities; and (5) participants comments and suggestions.

The survey was conducted in January 2014 after the second trial
ended. All 80 participating commune hedlth center staff
members from 40 communes were asked to anonymously
complete the survey.
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Statistical Analysis

Dataentry was conducted using Epi Data software[15] and data
analysiswas performed using Stataversion 12.0 (StataCorp LP,
College Station, TX, USA). Quantitative descriptive analysis,
Pearson chi-square test, and multivariate logistic regression
were used to examine different relationships and correlations
from the survey data. A P value of <.05 was considered
statistically significant.

Ethical Consideration

The activities in this study, which were reviewed and received
MOH approval before the implementation, were considered to
be part of the daily duty of the participating commune health
center staff members. The study was designed to collect only
patients' general information for statistical purposes. Accessto
the repository server, as well as the SM S text message reports
and databases, were strictly controlled and only permitted
authorized personnel. The questionnaire survey was devel oped
to not contain any identifiableinformation from the participants
and was conducted anonymously.

Results

Demographic and General Information

Most participantswerefemale (61%, 49/80). Nearly half (44%,
35/80) were heads of commune health centers. One-third (34%,
27/80) of participantswere ethnic minoritiesfrom mountainous
areasin Cao Phong and Ky Son districts (see Table 1).

Overall, 29 of 80 participants (36%) took part in the first trial.
Of these, 17 participants were from Ky Son district followed
by 12 participants from Yen My district. Cao Phong district
was new to the second trial. Only one participant (1%, 1/80)
could not take part in the training for the second trial. Here,
their colleagues successfully guided them on how to send the
SMSS text message report. The majority of participants (93%,
74/80) reported that they shared information on the project with
other staff members. A mean 2.3 (SD 1.0) staff members in
each of the 40 communes participated in the second trial (by
district Cao Phong: mean 2.8, SD 0.8; Ky Son: mean 2.2, SD
1.7; Yen My: mean 2.0, SD 1.0).

When sending SM S text message reports, 73 of 80 participants
(91%) used the Viettel network, whereas a small number of
participants used other networks, such asVinaphone (8%, 6/80)
and Mobiphone (1%, 1/80).

Practicalities of the System

Overall, 50 of 80 participants (63%) retained the basis of the
required structure and components of an SMS text message
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report. This basic knowledge included three formatting
requirements of an SMS text message report: the number of
datainputsto be reported (3, 6, or 11), incidents per report (1),
and the symbol used to separate the data inputs in the report
(the delimiter, either a comma or a space). Cao Phong, a new
district for the second trial, had the highest percentage of
participants retaining the basis (88%, 23/26) among the three
districts.

A detailed breakdown of the percentage of people retaining the
basic structure of an SMS text message report into three

Table 1. Demographic information of participants.

Dang et d

formatting components is shown in Table 2. Regarding the
number of data inputs to be reported, all participants in Cao
Phong district (100%, 26/26), who were asked to send in six
data inputs, recalled this number compared to Yen My (three
inputs) with 94% (32/34). Participantsin Ky Son district, who
sent in the highest number of data inputs (11), had the lowest
recall (75%, 15/20). When other components of the SM S text
message format were examined (eg, incidents per message and
the delimiter), Cao Phong still came out on top.

Demographic information Hung Yen (deltaregion), n

(%)

Hoa Binh (mountainous region), n (%) Overal, n (%) (N=80)

Yen My (n=34) Cao Phong (n=26) Ky Son (n=20)
Gender
Male 12 (35) 12 (46) 7(35) 31(39)
Female 22 (65) 14 (54) 13 (65) 49 (61)
Ethnicity
Kinh 34 (100) 12 (46) 7(35) 53 (66)
Ethnic minority 0 14 (54) 13 (65) 27 (34)
Position in commune health center
Head/physician 14 (41) 11 (42) 10 (50) 35 (44)
Nurse/assistant physician 14 (41) 3(12) 3(15) 20 (25)
Pharmacist 4(12) 1(4) 1(5) 6(7)
Other 2(6) 11 (42) 6 (30) 19 (24)

Table 2. Percentage of participants retaining the three formatting structures of an SM S text message report: number of datainputs, incidents per report,

and delimiter.
Basic structure of an SMStext messagereport  Yen My, n (%) (n=34) Ky Son, n (%) (n=20)  Cao Phong, n (%) (n=26) E)veral)l, n (%)
N=80
Number of datainputs 32(94) 15 (75) 26 (100) 73(91)
Incidents per SM'S text message 22 (65) 13 (65) 23 (88) 58 (73)
Delimiter 22 (65) 19 (95) 26 (100) 67 (84)
Basic knowledge (all three formatting compo- 17 (50) 10 (50) 23 (88) 50 (63)

nents above)

Overall, 88% (70/80) of participants felt that the information
required to be reported was not difficult to text and 95% (76/80)
of participantsfelt that no information should be removed from
the messages, 89% (71/80) thought that no further information
needed to be added, but a small number (5%, 4/80) suggested
disease severity should be included. Regarding the adequacy
of disease information to be reported per message, only asmall
number of participants thought the amount of information in
the SM S text message was too much (6%, 5/80) or not enough
(9%, 7/80).

Of the 80 participants, 55 (69%) agreed with the use of a space
to separate each piece of information in an SM S text message,
whereas some preferred using aperiod (18%, 14/80) or acomma
(10%, 8/80) or no response (4%, 3/80). One-third (26/80) said
that they usually sent disease cases after having the diagnosis

http://mhealth.jmir.org/2016/2/e65/

confirmed, whereas 64% (51/80) reported they sent the SMS
text message at the end of day.

Themagjority of participants (84%, 67/80) reported they did not
spend much time sending messages, whereas 13 participants
(16%, 13/80) felt that they needed more time. Of these, most
(62%, 8/13) were from Yen My district, who needed to send in
three datainputs, and from Ky Son (39%, 5/13), adistrict with
11 datainputs.

Regarding the time spent for performing the work, less than
half of the participants (43%, 34/80) said they needed less than
1 minuteto text amessage, whereas some (11%, 9/80) said they
needed more than 2 minutes (see Figure 3). The time spent
sending the SM'S text message was not significantly different
between male and femal e participants (P=.15).
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A multivariate logistic regression performed to study the
influence of ethnicity, sex, and retaining the basic structure of
an SM Stext message report on the participants’ report of taking
less time to send SM S text message reports showed that there
was a significant difference between different ethnic groups
(OR 14.7, 95% ClI 1.5-139.4) in which ethnic minority
participants needed less time to text than Kinh participants (see
Table 3). In Cao Phong district, all ethnic minority participants
(100%, 14/14) needed less than 1 minute to send an SM S text
message report compared with 92% (11/12) of Kinh participants,
who needed 2 minutes or more. In Ky Son, three of five Kinh
participants (60%) said they needed more than 2 minutes to

Dang et d

send an SMS text message compared to three of 13 ethnic
minority participants (23%). The rates for less than 1 minute
were similar (Kinh: 20%, 1/5; ethnic minority: 23%, 3/13).

We aso found a strong influence (OR 28.2, 95% Cl 5.3-151.2)
on the time spent sending an SMS text message for the
participants who retained the SM S text message report’s basic
knowledge. A multivariate logistic regression model to study
this influence on each of the components of the SMS text
message report’s basic structure found that although all three
components had significant influence, the delimiter had the
strongest impact on people who spent less than 2 minutes to
send an SM S text message report (see Table 4).

Table 3. Multivariate logistic regression model on the participants' report of taking less time to send SM S text message reports.

Variables OR (95% CI) P
Basic structure of an SM Stext message report

Do not remember 1

Remember 28.2(5.3-151.2) <.001
Sex

Male 1

Female 0.7 (0.1-3.6) .67
Ethnicity

Kinh 1

Ethnic minority 14.7 (1.5-139.4) .02

Table 4. Multivariate logistic regression model to study the influence of each component of the basic SMS text message report’s structure on time

spent to send an SM S text message report (less than 2 minutes to send).

Variables OR (95% Cl) P
The number of data inputs

Do not remember 1

Remember 10.7 (1.4-79.9) 02
Incidents per SM Stext message

Do not remember 1

Remember 4.9(1.3-19.4) .02
Delimiter

Do not remember 1

Remember

13.2 (2.8-61.6) 001

Information for al patients who visited the commune health
center was recorded in alogbook. When sending an SM S text
message report, commune health center staff were asked to
make notes in the logbook to avoid duplicate reporting. A vast
majority of participants (91%, 73/80) reported that they recorded
reported cases in a logbook. Most participants (86%, 69/80)
believed that they could report all 28 infectious diseases by
using the SMS text message system. It was reported by the
commune health center staff members that, on average, they
saw amean 6.9 (SD 3.2) patients per day (by district Cao Phong:
mean 8.1, SD 2.7; Ky Son: mean 5.5, SD 3.3; Yen My: mean
6.9, SD 3.2).

http://mhealth.jmir.org/2016/2/e65/

When participants were asked about what ongoing support they
would like to assist them with their work, half said they would
like face-to-face refresher training (45%, 36/80) followed by
handouts (39%, 31/80) and videos (19%, 15/80). When we
looked at the two-group comparison, asshownin Table 5, ethnic
minority participants (60%, 15/25) preferred refresher training
compared to Kinh participants (43%, 19/44), who had a
preference for posters and videos. This reflects the practicality
of this type of work and the usefulness of having someone on
the spot who can give hands-on guidance, answer questions,
and solve problems quickly.
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Table 5. Types of support requested by the participants.

Dang et d

Types of support Kinh, n (%) Ethnic minority, n (%) Total, n (%)
Poster 10 (20) 1(4) 11 (14)
Video 11 (22) 3(11) 15 (19)
Handout 22 (44) 9(33) 31(39)
Refresher training 19 (38) 15 (56) 36 (45)
Other 10 (20) 2(7.4) 12 (15)

Figure 3. Time spent sending an SM S text message report by district.
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60% -
50%
40% -
30% -
20% -
10% -
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Yen My
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Technical |ssues

Half of the participants (40/80) reported that sometimes they
were not able to send the SM S text message to the server. Of
these, 45% (18/40) said that this occurred rarely or sometimes
(55%, 22/40). “No signal” was the biggest reason seen for this
problem (65%, 26/40) followed by server issues (25%, 10/40)
and unknown (10%, 4/40). Most of the“no signal” issues (65%,
17/26) were reported by health staff in Cao Phong district—a
mountainous area. Where there were difficulties sending the
SMS text message the first time, the majority (78%, 31/40)
decided to send it again alater time. L essthan half (40%, 16/40)
decided to use another mobile phone to do this. Only a few
(15%, 6/40) called the project team to ask about thisissue.

15 I v

Cao Phong

Don't know
= More than 2 mins
1 -2mins

B Less than 1 min

Overall average

Feasibility of the System

To assessthefeasihility of the use of text messaging in adisease
surveillance system, we performed multivariate logistic
regression analysisto study theimpact of the SM Stext message
report’s basic knowledge, the adequacy of disease information
per SMS text message report, and the technical issues on the
possibility of reporting al 28 infectious diseases by text
messaging. The result showed that the SMS report’s basic
knowledge a one highly influenced the possibility of reporting
all 28 infectious diseases by text messaging (see Table 6). A
deeper look at the effect of each of the components of the SMS
text message report’'s structure showed that athough the
incidents per SMS text message report and the delimiter had
high influence (see Table 7), the number of datainputsper SMS
text message report had no significant association (P=.30).

Table 6. Multivariate logistic regression model on the possibility of reporting all 28 diseases asked for by the MOH.

Variables OR (95% CI) P
Basic structure of an SM Stext message report

Do not remember 1

Remember 8.6 (1.6-45.6) .01
Disease information per SM S text message report

Insufficient 1

Sufficient 0.9 (0.1-9.4) 91
Technical issues when sending an SM S text message

No 1

Yes 0.8(0.2-3.7) 82
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Table 7. Multivariate logistic regression model to study the impact on the possibility of reporting all 28 diseases asked for by the MOH of different

components of the SM'S text message report.

Variables OR (95% Cl) P
Incidents per SM Stext message

Do not remember 1

Remember 6.4 (1.4-29.6) 02
Delimiter

Do not remember 1

Remember 5.2 (1.1-24.6) 04

Commune Health Center Internet Capabilities

The survey also investigated the computer and Internet capacity
of the participating commune health centers. More than half
(56%, 45/80) of commune health center staff reported that their
health center was equipped with a computer; however, only
49% (22/45) had an I nternet connection and, among those, most
(82%, 18/22) said that their center had the budget to maintain
it. Of the commune health centers that had a computer but no
Internet access, 96% (22/23) were located in areas with the
availability of broadband Internet services. Lessthan half (41%,
33/80) had the budget to cover the cost of this. For those
commune health centers without a computer, Internet services
were available for most of them (95%, 32/34), but only 26%
(8/31) could afford the cost.

Input From Commune Health Center Staff

All participants were asked to provide their comments or
suggestionsto improve the SM Stext message-based surveillance
system. We received comments from 23 of 80 participants
(29%). Of these, nine participants (11%) said that the system
should be maintained and expanded to a larger scale, for
example, provincewide or nationwide. Six participants (8%)
wanted to have a feedback mechanism in the system to help
them perform their work better. This included checking to see
if there were any mistakes in the report or if their report had
been sent successfully. In addition, five participants (6%6) wanted
to be provided computer and network facilities.

Discussion

Principal Results

The study showed that basic structure of an SM S text message
report plays an important role in both the practicalities and
feasibility of a pilot texting system. This includes a strong
influence on the time spent to text a report and a high impact
on the ahility to send in all 28 infectious diseases as required
by MOH using SMS text message reports. This also means
education and training prior to commencement of the system,
in combination with refresher training and other information,
education, and communication materials, such as leaflets or
posters, during the implementation are critical to the success of
the project.

In terms of demographics, despite only two staff members per
commune health center participating in the study, the sex ratio
of the participants reflects the domination of femal e health staff

http://mhealth.jmir.org/2016/2/e65/

working in health care facilities in Vietham [16]. A mix of
different health center staff positions, especially the commune
health center’s head, participating in the study may indicate the
human resource limitation in health care in Vietnam, in which
a staff usually has to hold multiple duties and responsibilities
in their center.

One-third of participantsin the study were ethnic minority who
needed less time to text than Kinh participants did. This may
demonstrate that participant’sinterest in anew and novel project
could be afactor that influences the performance of their work.
Ethnic minority participants, who live in remote and
mountainous areas where health care services are limited, may
be more interested and motivated about the use of health care
technologies that might bring more benefit for them than Kinh
participants. The outperformance of participants from Cao
Phong district—a new district that had not been previously
exposed to the project—may have also contributed to this point.

In terms of texting skills or the time spent to send an SM S text
message, a strong relation between this and the SMS text
message’s structure basis showed that people who were fully
engaged in the project were quicker and more effective in
composing and texting messages. Therefore, skills in using a
mobile phone along with concentration can be factors related
to the time needed to send an SMS text message. That there
was no significant difference in the time spent sending SMS
text messages between male and female participants is
intriguing. Thisfinding does not reflect some recent studies on
time spent by males and females in sending an SMS text
message, where it was reported that women tended to spend
less time than men [17,18], potentialy due to women having
smaller fingers enabling them to type faster and more easily

[17].

Intermsof technical issues, “no signal” came out on top among
the reasons causing the inability to send an SM S text message.
This is an ongoing chalenge, especially for remote and
mountainous areas in Vietham, and ways of overcoming and
mitigating these kinds of technical events to maintain
commitment to the SM S text message reporting processinclude
discussion with the mobile phone providers. However, our study
showed that these texting technical issues do not affect the
feasibility of the reporting system from the participant’s
perspective. Additionally, the study offered some creative ways
invented by the participants to temporarily solve the issues,
such as sending the message again or using another phone.
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Interms of dataaccessibility and availability, the computer and
Internet capacity of the commune health center would be useful
for the participantsto learn more about the project’sinformation,
to refresh their knowledge, and especially to create reportsfrom
the live data. However, computers and Internet are not fully
equipped in all communes. This presents a challenge in terms
of staff accessing data and transmitting reports electronically.
The necessary funding support will be required to make all
commune health centers fully operational.

Limitations

The survey did not cover inputs from the district, provincial,
and national levels, which might provide more valuable
information, such as on the administrative aspect of the project.
Disease data aggregated from the pilot system and its
comparison to a paper-based system and the statistics and
problems of SMS text message reports, such as mistyping or
duplicates, which would certainly contribute to amuch stronger
assessment of the system, was not discussed. In addition, the
study was limited by its small sample size and includes a
nonrandomized, uncontrolled single-arm study design that
possibly precludes causal inference of the SMS text
message-based report system to the outcomes.

Conclusions

Despite being anew disease-reporting system involving modern
technol ogy and knowledge, the SM Stext message-based disease
surveillance system demonstrated its ease of use and received
positive feedback from participants. It is especially important
that thiswork does not take too much time away from the health

Dang et d

center staff’s other duties. Although morein-depth studies might
be needed to assess whether the information collected is
sufficient for live reporting and outbreak prediction, the project
showed its great potential to be implemented and expanded on
alarger scale, such as provincewide or nationwide.

In addition toits perception and feasibility, the project provided
valuable learning lessons, including regular refresher training
for the commune health center staff, which is critical not only
to enhance participants engagement in the project, but also to
improve the precision of reported data and to help solve
technical problems. Well-prepared training, using acombination
of lessonslearned and experience gained from the previoustrial,
will aso help a great deal in designing a more effective
bidirectional instruction and training for the participants.

Some technical lessons were also learned from the two trials.
First, improved software, which can recognize multiple
delimiters, would eliminate the difficulties arising from the
commune health center staff member’s texting habits of using
a comma (,) or period (.) to separate the reported piece of
information. Second, an integrated feedback mechanism not
only to address errors and concerns, but also to give disease
information back to the health care worker will helpin screening
any mistake or typo in the reported SM S text message. Finally,
a live disease trend map (or disease heat map) and a timely
reporting system will help not only the high-level administration,
such as MOH and NIHE, to make appropriate decisions and
take the required actions in case of outbreak, but also the
provincial, district, and commune staff in monitoring their work
and generating reports when required.
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Abstract

Background: The potential of interactive health education for preventive health applications has been widely demonstrated.
However, use of mobile apps to promote smoking cessation in hospitalized patients has not been systematically assessed.

Objective: This study was conducted to assess the feasibility of using a mobile app for the hazards of smoking education
delivered via touch screen tablets to hospitalized smokers.

Methods: Fifty-five consecutive hospitalized smokers were recruited. Patient sociodemographics and smoking history was
collected at baseline. Theimpact of the mobile app was assessed by measuring cognitive and behavioral factors shown to promote
smoking cessation before and after the mobile app use including hazards of smoking knowledge score (KS), smoking attitudes,
and stages of change.

Results: After the mobile app use, mean KS increased from 27(3) to 31(3) (P<0.0001). Proportion of patients who felt they
“cannot quit smoking” reduced from 36% (20/55) to 18% (10/55) (P<0.03). Overall, 13% (7/55) of patients moved toward a
more advanced stage of change with the proportion of patients in the preparation stage increased from 40% (22/55) to 51%
(28/55). Multivariate regression analysis demonstrated that knowledge gains and mobile app acceptance did not depend on age,
gender, race, computer skills, income, or education level. The main factors affecting knowledge gain wereinitial knowledge level
(P<0.02), employment status (P<0.05), and high app acceptance (P<0.01). Knowledge gain was the main predictor of more
favorable attitudes toward the mobile app (odds ratio (OR)=4.8; 95% confidence interval (Cl) (1.1, 20.0)). Attitudinal surveys
and qualitative interviews identified high acceptance of the mobile app by hospitalized smokers. Over 92% (51/55) of the study
participants recommended the app for use by other hospitalized smokers and 98% (54/55) of the patients were willing to use such
an app in the future.

Conclusions: Our results suggest that a mobile app promoting smoking cessation iswell accepted by hospitalized smokers. The
app can be used for interactive patient education and counseling during hospital stays. Development and evaluation of mobile
apps engaging patientsin their care during hospital staysiswarranted.

(IMIR mHealth uHealth 2016;4(2):€59) doi:10.2196/mhealth.5149
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Introduction

Smoking remains the most common cause of preventable
mortality and morbidity in the United States[1] and theleading
risk factor for global disease burden [2]. Tobacco consumption
resulted in 435,000 deaths in the United States (18% of total
US deaths) in 2000 [3]. Even after adjusting for multiple
sociodemographic, behavioral, and health-related risk factors,
overall estimate of deaths attributable to smoking in the United
States was shown to be approximately 400,000 per year [4].
Although significant progress has been achieved in reducing
smoking rates, onein five adultsin the United Statesisacurrent
smoker, with smoking prevalence remarkably higher among
adults with lower educational attainment [5].

National surveys suggest continued need for patient education
about smoking hazards[5]. Whileinformation onincreased risk
for cardiovascular disease and lung cancer has been widely
publicized, many smokers still lack knowledge about cigarette
smoking's relationship to other types of cancer, reproductive
health problems, premature disability, and reduced quality of
life [6]. Gender, age, racial, and socioeconomic disparities in
knowledge and beliefs about smoking have been demonstrated,
with males, older adults, non-Hispanic blacks, Hispanics, and
those with lower incomes being significantly more likely to
believein myths such asreversal of smoking effectsby exercise
and vitamin intake [5]. While only 5% of graduate students
smoke, 27% of adults with less than a high school diplomaand
41% of those with a General Educationa Development
certificate are current smokers[1]. Recent studies demonstrated
that lower knowledge of hazards of smoking is associated with
higher tobacco use and higher tobacco-related morbidity and
mortality [5]. These studies underscored the need for continued
development and delivery of effective means to address
disparities in tobacco-related knowledge.

Hospitalization offers an opportunity to provide smokers with
advice, education, and counseling. Acute illness may increase
a patient’s motivation and has been described as a teachable
moment that providers should not miss[7-9]. Hospital -initiated
interventions for smoking cessation have been demonstrated to
increase long-term quit rates [10] and even brief advice has
been demonstrated to be of value when offered by providers
[9,11]. However, systematic delivery of in-hospital,
patient-tail ored education and counseling on smoking continues
to be far from routine [9,12] and only 18% of smokers overall
abstain from smoking post hospitalization [13]. Language
barriers, health literacy levels, lack of provider time, and limited
resources are all factors that may contribute to this problem
[14]. Multiple studies provided evidence that interactive health
education programs can be instrumental in addressing these
barriers [15-16].

Interactive health education programs delivered as mobile apps
by touch screen tablets or smartphones have been demonstrated
to increase knowledge, skills, and self-efficacy levels among
patients with asthma, cancer, diabetes, congestive heart failure,
chronic obstructive lung disease, and other conditions [17-18].
Such mobile apps, generally termed mHealth applications, may
offer versatility and personalization, and may incorporate
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features that promote ease of use, use spoken and written
language, use multiple languages, can be scripted at alevel that
addresses the needs of low literacy and numeracy learners, and
may be viewed as often as needed by a patient [17-19]. Mobile
apps supporting interactive education have the potential to
gresatly increase interest, because thelearner actively participates
in the learning process [20]. Limited computer experience and
low-health literacy, which are more prevalent in individuals
from low-socioeconomic strata, does not appear to impact their
ability to use interactive health education programs effectively
[21].

Recent studies have supported the use of mobile apps for
smoking cessation [19-20,22,23]. Mobile apps for smoking
cessation have been successfully implemented in a variety of
settings and populations using multiple approaches and
theoretical frameworks [24-26]. Comprehensive reviews of
popular mobile appsfor smoking cessation concluded that these
apps can serve as powerful tools for smoking cessation in the
future [27,28]. The review recommended that mobile apps for
smoking cessation are developed in compliance with
evidence-based principles and undergo rigorous evaluations
[27,28]. A recent survey reported that the majority of health
care providers embrace use of maobile apps for helping their
patients quit smoking [29]. Despite wide introduction of mobile
apps for health promotion to the general public, the use of
mobile apps aimed a promoting smoking cessation in
hospitalized patients has not been studied yet systematically
[30].

In a previous study, we assessed the feasibility of promoting
smoking cessation in the outpatient setting using an interactive
health education program [31]. After completion of the“Hazards
of Smoking Educational Program” delivered viaatouch screen
tablet, low-literacy patients with minima computer skills
exhibited a significant increase in knowledge levels about
hazards of smoking and reported ease of system use[31]. Inthe
current study, we sought to elucidate feasibility and potential
impact of a mobile app to educate smokers in the hospital
setting. Our objectiveswereto (1) describe the sociobehavioral
characteristics of hospitalized smokersto inform future mobile
app development for this population, (2) assess impact of the
mobile app on smokers' knowledge level sand behavioral factors
associated with smoking cessation, (3) identify factors affecting
users knowledge gain, (4) identify factors affecting patient
acceptance of the maobile app in a hospital setting.

Methods

Participants

We conducted a prospective study of active smokers
consecutively admitted to two medicine units at two large urban
academic teaching hospitals. Fifty-five consecutive adults aged
18 years or older hospitalized for any reason and who were
active smokers and agreed to participate, were enrolled into the
study. The study protocol was approved by the institutional
review board.

JIMIR mHealth uHealth 2016 | vol. 4 | iss. 2 €59 | p.121
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Mabile App

The mobile app employed in this study was based on the
COmputer-assisted EDucation system (CO-ED), which was
previously described [31-35]. Briefly, CO-ED is designed to
deliver interactive health education via multiple health
communication channels[32,33] and was successfully used for
patient education on avariety of health-related topicsincluding
asthma [34], diabetes [35], hypertension [36], depression [37],
multiple sclerosis[38], ileostomy [39], smoking cessation [40],
and Tai Chi [41]. The system consists of three components:
knowledge repository containing educational content in a
relational database format, teaching engine delivering
educational content in concordance with major constructs of
adult learning theories, and user interface supporting content
delivery viamultiple platformsincluding desktops, touch screen
tablets, smartphones, gaming appliances (Wii and Xbox), and
interactive voice response [33]. The CO-ED system is guided
by principles of adult learning [42] and instructional technology
foundations [43] using constructs from the Information
Processing Theory [44], Constructivist Theory [45], Cognitive
Flexibility Theory [46], Subsumption Theory [47], Drive
Reduction Theory [48], and Cognitive Load Theory [49].
Applications of specific constructs from these theories in the
CO-ED system were described in detail previously [33,50].

Previous studies emphasi zed importance of usability factorsfor
successful acceptance of computer-assisted education especially
in older adults and individual swith limited computer experience
[35-39,51]. In this study, hospitalized patients were provided a
touch screen tablet with a mobile app delivering
computer-assisted education on the hazards of smoking. A touch
screen tablet was chosen because of larger form factor as
compared with a smartphone and because some of the
hospitalized patients didn't use smartphones. The educational

curriculum on hazards of smoking iswritten at the 5"'grade level
and based on a previously developed curriculum that has been
adapted for use in the CO-ED system [31]. Brief educational
statements about the effects of smoking and the feasibility of
quitting are presented, each followed by a multiple choice
guestion about the material. A voice-over option is available
for people with functional illiteracy. The curriculum was
comprised of five sections: (1) Is cigarette smoking dangerous?
(2) How does smoking cause cancer? (3) How does smoking
cause heart disease, stroke, and blocked arteries? (4) How does
smoking cause lung disease? (5) Common questions about
smoking. Overall, the curriculum reflected key content areas
promulgated by recent recommendationsincluding the dangers
and effects of cigarette smoking aswell asinformation on how
to quit [1,51].

Intervention

As this project was undertaken in preparation to wide
introduction of tablet-based education for hospitalized patients,
patient enrollment procedures were made as close to routine
hospital workflow as possible. Hospital unit census was
reviewed by aunit nurse on adaily basisto identify hospitalized
smokers. Eligible participants were approached by a unit nurse
and asked if they are interested to take part in the study.
Interested patients were consented by study's research assistant.
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After obtaining informed consent, the research assistant provided
each patient with a set of questionnaires to fill out and then
provided a touch screen tablet with which the patient accessed
a self-paced interactive education app on hazards of smoking.
Patients spent up to 45 minutes using the mobile app
independently without research assistant or nurse present. At
the end of the 45-minute period, patients were approached by
aresearch assistant again and asked to fill out a post-education
survey. A 15 to 20 minute semistructured interview was also
conducted at the end of each session so that patients could offer
feedback on the feasibility of using the mobile app and ways
to improveit.

Data Callection and Study I nstruments

Prior to system use, participants completed a set of
guestionnaires with questions about demographics, prior
experience with mobile devices, and the Fagerstrom Test for
Nicotine Dependence (FTND) [52]. Though the primary
objective of our intervention wasincreasein hazards of smoking
knowledge, we also wereinterested in €l ucidating the extent of
impact of potential knowledge change on major behavioral
constructsthat are frequently used to explain smoking cessation
behavior. Thus, cognitive and behavioral factors known to be
associated with smoking cessation were collected to ascertain
impact of the mobile app. A Knowledge Score (KS)
guestionnaire, Process of Smoking Cessation survey (to assess
stages of change per Transtheoretical Model (TTM)), Smoking
Self-Efficacy questionnaire, and Decisional Balance Scalewere
completed by participants pre- and post-mobile app use. To
assess each participant’s experience with and opinions about
the mobile app, an attitudinal survey and semistructured
interview were administered to each of the study participants
after using the mHealth education app.

TheKS questionnaireis composed of 34 true or false questions
asking basic information about smoking and negative impact
of smoking on health. Examples of questionsinclude: “ Smoking
during pregnancy islinked with agreater chance of miscarriage’
and “ Smoking only affectsthelungs.” Anidentical questionnaire
was completed before and after using the system. A perfect KS
on thetest is 34. Thereliability of the KS scale assessed by the
Cronbach’s apha in our studies including the current one has
been 0.75 and higher [31,50].

The Process of Smoking Cessation survey measures four
different stages of quitting based on the TTM of change [53].
In the precontemplation stage, the smoker is not seriously
thinking about changing the smoking behavior. In the
contemplation stage, the smoker is more aware of the health
consequences of smoking and starts thinking about quitting. In
the preparation stage, the smoker has made a decision to stop
smoking and is starting to take small steps toward cessation. In
the action stage, a smoker believes that ghe has the ability to
quit smoking and is actively involved in changing their smoking
behavior. In the maintenance stage a person has changed and
is now trying to maintain the change [53,54].

The Smoking Self-Efficacy questionnaire [55] is composed of
20 questions assessing confidence in ability to avoid smoking.
Itisdivided into three sections reflecting three relapse situations:
positive affect/socia situations, negative affect situations, and
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habitual/craving situations with the highest section score of 30,
30, and 25, respectively. Three sections inquire about social
factors, negative emotional states, and physiological factorslike
cravings and urges, which might trigger smoking. Higher scores
are seen among those smokerswho are more tempted to smoke.

The Decisional Balance Scale [56] is designed to assess and
predict smoking behavior. It consists of 20 scalesand isdivided
into two sectionswith 10 questions each. The Pros scale contains
items representing the pleasure, tension reduction, self-image,
and habit factorsidentified asthe basic reason for smoking. The
Cons scale items represent the health examples, aesthetics, and
mastery considerations associated with motives for quitting.
The score ranges for both Pros and Cons between 10 and 50.
The comparison of Pros and Cons provides an insight on
individuals status regarding their decision to continue or
discontinue smoking [56].

The Attitudinal Survey assesses patients acceptance of the
mobile computer-assisted education system and their perceptions
of usability, content clarity, and usefulness of the system. The
survey, which is composed of 18 items, was developed based
on aliterature review and critical feedback from expertsin the
field. The maximum survey score is 72. This survey has been
used and validated in our previous studies [31-34].

The semistructured interview conducted at the end of the study
explored participant opinions on educational content and the
app interface. Participants were also asked to highlight maobile
app benefits and drawbacks and to suggest areas for
improvement. A qualitative thematic analysis was conducted
using framework approach [57].

Data Analysis

Data were analyzed using SAS statistical software version 9.2
[58]. We calculated differencein knowledge test scoresfor pre-
and post-system use for each participant along with acomposite
score for the attitudina survey. To check for statistical
significance we used paired t -tests and two samplet -tests, as
applicable, for continuous variables. We used two-tailed tests
with a.05 significancelevel. To assessimpact of variables such
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as race, age, and computer skills on knowledge gain from the
mobile app, a multivariate linear regression model was used
with difference in KS (DKYS) before and after the mobile app
use as dependent variable and age, race, gender, computer skills,
educational level, and baseline KS as covariates. Pre/post
proportions were compared using two-sided chi-square test. To
check for the potential impact of various variables on
participants’ attitudes toward using the mobile app, a
multivariate linear regression model was used with the
composite score on the attitudinal survey as the dependent
variable and age, race, gender, computer skills, educational
level, and KS difference as covariates. Mean (M) and standard
deviation (SD) for continuous variables are reported in the
following notation: M(SD).

Qualitativeinterviewsweretranscribed verbatim. Theinterview
transcripts were independently analyzed by two researchers. A
coding scheme was used to reflect themes that emerged from
the data following a framework approach in analysis of
qualitativedata[57,59]. A comprehensive search was conducted
for expressions indicating information types and the context of
use, and possible problems when looking for or using
information [57]. Adapted from a taxonomy that resulted from
similar research [60], the information typeswere coded into (1)
interface-specific, (2) content-specific, and (3) process-specific.
Differencesin coding by the two independent researchers were
reviewed and reconciled until agreement was reached.

Results

Sociobehavioral Characteristics of Hospitalized
Smokers

Participants’ demographi c and socioeconomic statusisdetailed
in Table 1. Overal, 55 eligible patients consented and
participated in this study which constituted three-quarters of
initially approached adult hospitalized smokers. Main reasons
for refusal to consent were being too tired, too sick, or being
distracted by upcoming tests or procedures. The mean age of
study participants was 46.9(11.36)-years old ranging from 18
to 69 years.
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Table 1. Participant sociodemographic characteristics.
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Sociodemographic characteristics N=55 %
Gender

Male 30 55

Female 25 45
Current relationship status

Married/Common-law/Partner 15 27

Single/separated/divorced/widowed 40 73
Education

<12 years 18 33

12 years 24 44

>12 years 13 24
What isyour level of computer skills?

None/basic 31 56

Good/advanced 24 44
Current employment status

Employed 12 22

Unemployed 43 78
What isyour overall household income for thelast year?

<20K 19 35

20K-40K 12 22

>40K 9 16

Prefer not to disclose 15 27
Race

Caucasian 23 42

African American 30 55

Other 2 4

Women constituted 45.5% (25/55) of enrolled smokers, 55%
(30/55) were African Americans, and 42% (23/55) were
Caucasians. Approximately 20% (11/55) of the study
participants had a full-time employment, 33% (18/55) did not
have high school diploma, and 44% (24/55) completed high
school. Thirty-five percent (19/55) reported a low income
household (<US$20,000 annual income per household). Fifty-six
percent (31/55) had only abasic level of computer skills or no
computer skills, and 53% (29/55) reported using acomputer no
more than once per week. Based on the patient chart review,
76% (42/55) of the study subjects were hospitalized for
emergency treatment, 14% (8/55) for complex diagnostic
procedures, and the rest for surgery or other treatment. Alcohol
and drug abuse was the most frequent comorbid condition
(20/55, 36%), followed by depression or other emotional
problems (19/55, 34%), hypertension (15/55, 27%), heart disease
and stroke (12/55, 22%), chronic obstructive pulmonary disease
and asthma (12/55, 22%), diabetes (6/55, 11%), and cancer
(5/55, 9%).

http://mhealth.jmir.org/2016/2/e59/

Smoking history of the study participants is summarized in
Table 2. The subjects smoked an average of 13.6(9.1) cigarettes
per day for 26.6(13.7) years. The participants started smoking
at 18 years of age on average. Twenty-seven percent (15/55) of
participants had never attempted to stop smoking, while 65%
(36/55) had made at least one successful attempt that lasted for
a full month or longer. Forty percent (22/55) of the study
participants reported that they were ready to quit within 30 days
and have made at |east one 24-hour quit attempt during the past
year. Another 43% (24/55) were thinking of quitting within the
next 6 months. According to the findings from the FTND, half
of the study participants typically smoked a cigarette within 5
minutes of waking, and 67% (37/55) answered that the first
cigarette was the one they most hate to give up during the day.
The mean FTND scorefor the participantswas4.7(2.8). FTND
score of 5 or more indicates significant dependence, while a
score of 4 or less shows a low to moderate degree of
dependence. Fifty-six percent of study subjects (31/55) had
FTND score above 5 demonstrating significant smoking
dependence.
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Table 2. Participant smoking history.
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Smoking history characteristics (Mean (SD)) N=55 %
How many cigarettes a day do you smoke in average? 13.6(9.1)
How many days have you been already in the hospital ? 3.3(21)
How many days have you been smoking while in the hospital?
0 (ie, no smoking in the hospital) a4 80
1-2 8 15
3 3 5
How many persons in your household smoke? 20(1.5)
How many years have you smoked cigarettes regularly? 26.6 (13.7)
How old were you when you started smoking cigarettes? 18.2 (10.4)
How many times have you SERIOUSLY tried to stop smoking? 2.4(25)
What islongest number of monthsyou have not smoked, not even a puff?
Never stopped smoking 15 27
Less than amonth 4 7
At least one month 36 65
In the past year, have you stopped smoking cigarettes for at least one day (24-hours)?
No 10 18
Yes 45 82
How seriously would you like to give up smoking altogether ?
Not at all 4 7
Not very seriously 6 11
Fairly seriously 14 25
Very seriously 31 56

Impact of the Mobile App on Smokers Knowledge
Levelsand Behavioral Factors

Table 3 summarizes effect of the mobile app on cognitive and
behavioral factors associated with smoking cessation behavior.
The use of the mobile app resulted in increase of hazards of
smoking knowledge assessed by the KS questionnaire from
27.4(2.6) t0 30.5(3.1). Thisincrease was statistically significant
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(paired t -test; P<0.0001). Based on the subjects answersto the
baseline KS questionnaire, participants already had good
knowledge at baseline about addictive properties of tobacco
and theincreased risk for stroke, heart disease, lung cancer, and
other respiratory tract cancers among smokers. They, however,
lacked knowledge about other systemic effects of tobacco use
such as increased risk for leukemia, colon cancer, and cervical
cancer.
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Table 3. Smoking knowledge and attitudes before and after the mobile app use.

Cognitive and behavioral factors of smoking cessation Pretest Posttest t -test
Knowledge Score Questionnaire (mean+(SD?)) 27.4(2.6) 30.5(3.1) 0.0001°

Attitudestoward smoking % % X 2 (P)
| cannot quit smoking 36 18 4.6 (0.03)b
| have no desire to quit smoking 18 13 0.6 (0.43)
| would lose alot in my lifeif | quit smoking 15 11 0.3(0.57)
Health risks of smoking are exaggerated 20 11 1.7 (0.19)
If | continue to smoke, my risk of dying from smoking-related diseaseis 89 95 1.1(0.30)
significantly higher comparing with an average nonsmoker

Self-efficacy/temptation factors © Mean=(SD) M ean+(SD) t -test
Positive Affect/Social Situations 21.3(5.9) 20.8 (6.3) 0.64
Negative Affect Situations 245 (5.0) 234 (5.7) 0.26
Habitual/Craving Situations 16.3 (4.9) 15.9(5.2) 0.69

83D: standard deviation.
bPrdpost differenceis statistically significant.
“Higher the score, more tempted to smoke.

The mean baseline KS was significantly lower among African
Americans than among Caucasians (African American KS =
26.7(2.8), range=19.0-31.0; Caucasian KS = 28.4(2.1),
range=25.0-33.0; P value=.02). Both African American and
Caucasian participants had higher average KS after using the
mobile app (African American KS = 29.8(3.9), range=
14.0-34.0; Caucasian KS= 31.3(3.4), range=29.0-34.0; P value
= .06). Thus, after using the mobile app, the disparity in the
smoking knowledge score between African American and
Caucasian subjects became insignificant.

Figure 1 depicts a scatterplot of post-KS against pre-K S scores
by race. All points above the diagonal line represent gainsin
knowledge. All study participants except one African American
and one Caucasian participant achieved ahigher KS post using
the mobile app. Both of these patients were recently admitted
to the unit and their condition was not fully stabilized. All
patients with baseline KS < 25 were African American, and all
but one achieved knowledge gains following the mobile app
use.

Figure 2 depicts distribution of study participants across the
TTM stages of change pre- and post-mobile app use, based on
the Process of Smoking Cessation survey. Overall, 13% (7/55)
of patients moved toward more advanced stage of change. The

http://mhealth.jmir.org/2016/2/e59/

percentage of participants in the precontemplation and
contemplation stages decreased after mobile app use with a
corresponding 11% increase in percentage of patients reaching
the preparation stages. Proportion of patients in
precontemplation stage decreased from 16% (9/55) to 14%
(8/55) whereas the proportion of patients in the preparation
stage increased from 40% (22/55) to 51% (28/55).

The mobile app positively affected patient attitudes regarding
smoking cessation (Table 3). At the baseline, 36% (20/55) of
patientsfelt they “ cannot quit smoking.” After computer-assisted
education, the proportion of patientswho felt they “cannot quit
smoking” reduced to 18% (10/55). Two-sided chi-square test
showed that this change was statistically significant (P<.03).
Other attitudes related to desire to quit smoking, feeling aloss
after quitting smoking, believing that risks of smoking are
exaggerated, and assessing risks of dying from smoking
demonstrated improvements in a positive direction (Table 4).
The Smoking Self-Efficacy Survey showed adecreasein mean
scores from the pretest to the posttest demonstrating perceived
reduction in temptation to smoke (Table 3) after the tablet use;
however, this change did not reach statistical significance. The
Decisional Balance Scal e showed modest improvementswhich
did not reach statistical significance.
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Table 4. Attitudinal survey (N=55)

Option(%)

Question 1 2 3 4
1. How complicated was it to use the computer? 2 4 6 88
2. Did you have any difficulty moving from one screen to another? 90 10 0 0
3. How difficult was it to use the keyboard/mouse? 2 0 10 88
4. Did you have any difficulty reading text from the computer screen? 94 6 0 0
5. Was the size of the text presented on the screen sufficient? 94 4 0 2
6. Did you like the colors used on the computer screen? 82 14 4 0
7. Did you like the audio/visual content provided by the computer? 82 14 4 0
8. Did you get all the necessary information about using the computer during initial practice session? 88 12 0 0
9. Did you come across any unknown words which were not explained by the computer? 4 4 14 78
10. How difficult were the sentences used in the educational materials? 2 2 14 82
11. How much new information did you get using the computer? 47 41 8 4
12. Did you get any feedback from the computer about your learning progress? 59 31 8 2
13. How frequently did you find the information confusing? 6 10 37 47
14. How frequently did you find educational contents difficult to understand? 2 12 20 65
15. Did you have to wait for new information to come up on the screen? 2 6 14 78
16. Would you like to use this type of computer education in the future? 76 23 0 2
17. Would you advise other patients to use computer education? 92 6 2 0
18. Overall how would you grade this learning experience? 0 8 16 76

&The following options were used for the questions above (in the ascending order):

#1: Very complicated, Moderately complicated, Slightly complicated, Not complicated at all

#2, #4: Not at al, Very rarely, Frequently, All thetime

#3, #10: Very difficult, Moderately difficult, Slightly difficult, Not difficult at all

#5: Fully sufficient, Sufficient amost all the time, Sufficient some of the time, Not sufficient at all

#6, #7: Certainly yes, To alarge extent, To some extent, No

#8: All information, Almost all information, Partial information, Very limited information

#9: Very significant amount, Considerable, A few, None

#11: Very significant amount, Considerable, Little, Very little

#12, #15: All the time, Occasionally, Very rarely, Never

#13, #14: Very frequently, Occasionally, Very rarely, Never

#16, #17: Certainly yes, Maybe, Unlikely, No

#18: Needs serious improvement, Satisfactory, Good, Excellent
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Figurel. Scatterplot of post-KS against pre-K S values stratified by race (circles: African Americans, squares: American Indians/Alaska Natives, stars:

Caucasians).
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Figure 2. Distribution of stages of change before and after the mobile app use (gray bars: before the app use, black bars: after the app use; see detailed

description in the text).
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To ascertain what factors affected successful improvement in
hazards of smoking knowledge after using the mobile app, a
multivariate linear regression analysis was performed with
pre/post DKS as dependent variable, and baseline KS, age,
gender, race, education level, working status, app acceptance,
and computer skillslevel asindependent covariates. Theanalysis
demonstrated significant relationship between baseline KS and
subsequent knowledge gain after using the mobile app, with
lower baseline knowledge scores predicting ahigher knowledge
gain after using the app (P<.02). Other significant factors
affecting knowledge gain were working status and app
acceptance. Being fully employed (P<.05) and having high
acceptance of the app (P<.01) were associated with higher
knowledge gain from using the app. No significant influence
on knowledge gain was found for other independent variables
including age, gender, race, educational status, and computer
skills.

http://mhealth.jmir.org/2016/2/e59/

Factor s Affecting Patient Acceptance of the Mobile
App in a Hospital Setting

Table 4 details results from the attitudinal survey administered
to each participant after their use of the mobile app. Overall
scores on attitudinal survey ranged from 53 to 72 with mean
score of 67(4). Eighty-eight percent (48/55) of the participants
reported that the mobile app was not complicated at all, 96%
(53/55) liked the colors used on the screen and the audio/visual
content, 88% (48/55) reported obtaining considerable amount
of new information, 92% (51/55) answered that they would
recommend other patients to use such an app, and 98% (54/55)
of the patients were willing to use such an app in the future.

In order to identify factors affecting patient acceptance of the
mHealth education app, a multivariate logistic regression
analysis was performed with attitudinal survey score as the
dependent variable, and age, gender, race, educational status,
computer skills, income, and DK, as independent covariates.
For this analysis, attitudinal survey score and DKS were
dichotomized to high/low acceptance and high/low knowledge
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gain levels correspondingly based on their distribution. The
main factor significantly affecting acceptance of the mHealth
education app was knowledge gain (DKS). People with higher
knowledge gain after using the app were 4.8 times more likely
to exhibit more favorabl e attitudes toward the mobile app (odds
ratio (OR)=4.8; 95% confidenceinterval (Cl) (1.1, 20.0)). Other
covariates such as age, gender, race, income, education, and
computer skillsdid not appear to significantly affect the mobile
app acceptance by the hospitalized smokers.

During the semistructured interviews, participants were asked
to sharetheir experiences and provide suggestionsin three areas
related to the mobile app: content, interface, and value of the
program. Table 5 highlights common themes and key quotes
from the semistructured interviews. The participants stated that
they favored the interactive computer-assisted learning over
other methods like books, magazines, videos, compact discs,

Table 5. Examples of qualitative feedback on the mobile app.

Finkelstein & Cha

or talking to heath care providers while in the hospital.
Ninety-six percent (53/55) said that the interface design was
easy and fun to use, 88% (48/55) stated that they learned
significant amount of new information, and 92% (51/55)
recommended thistype of computer-assisted education for other
hospitalized patients. Ease of operation was high, with 85%
(47/55) of the participants stating that they did not need help
while using the system. Most participants mentioned that the
multiple choice questions helped to reinforce the material,
however, one participant commented that open-ended questions
might be helpful too. Of great interest isthat the majority of the
participants stated that the app helped them consider quitting
smoking. As one of the participant stated, "This is a good
program to change people’s minds who smoke. | start thinking
about quitting now. This program made me want to quit
smoking."

Key quotes from the semi-structured interviews

Content

Information value Comprehension problems

It gives information you need; I've
learned alot; it was very educational to
me. | thought | knew it al, but | didn’t

| feel | do not know enough, | am
not good enough to understand;
acouple of questions were little

know alot. confusing.
Interface
Problems Ease of use

There was slight pause (delay) between
the message and the quiz. It made me
skip to the quiz directly; sometimes| had
to click couple of times to move to next
screen; | hit awrong button once but |
caught up.

| didn’t have any difficulty; just
click.

Program process

Attitudestoward computer Program usefulness

| don't like flipping pages. Paper is
cumbersome. Computer is self-con-
tained. | have more control with comput-
er. Quicker and better with computer
than learning from brochures; | like
Hands On, an interactive part, the com-
puter was better — I would NOT read

I think people need to do this
program to learn about smoking.
I think more people need to do
this program to learn what they
are breathing into their bodies;
kidsare using computers. Getting
to kidsthrough computer will get

Improvement suggestions

| would like more of the scientific info messages like the number of
poisonous elements in a cigarette; include more scary disease related
subjects, to show —thisiswhat you are doing to yourself; simpler words,
smaller sentences; add video clips; alittle animated character like GEICO
lizard; more animation would be better; make it into the video game. A
super hero stops people on streets and saves them from smoking.
Crossword puzzle — all bad words about smoking cigarettes.

I mprovement suggestions

Something other than clapping: for example, Ta-da sound | would make
it smple. Simple is the best; may be male voice; may be music on the
background; bigger screen; headphones; | would like to be able to go
back to the content (message) if | am not sure. Addition of ‘Back’ and
‘Forward’ button would be helpful.

Program effectiveness

I am going to quit now. | will not pick up acigarette ever in my life; This
isagood program to change people's minds who smoke. | start thinking
about quitting now. This program made me want to quit smoking.

hand out brochure; computer ismuch  the message of hazards of smok-
better — you got to seeimages. Radiois ing across to them. Get it to
just read, TV got images, but hereyou  schools.
haveit al.
Discussion

Principal Findings
In this study we demonstrated that delivery of a 45-minute

interactive education via a mobile app on hazards of smoking
for hospitalized smokers is feasible and associated with a

http://mhealth.jmir.org/2016/2/e59/

statistically significant increase in hazards of smoking
knowledgelevelsaswell as positive changesin patient smoking
attitudes, self-efficacy, and readinessfor quitting based on stages
of the TTM. These positive effectswere demonstrated regardless
of gender, race, educational level, or computer skills. Significant
determinants of successful use and acceptance of the mobile
app by hospitalized users were identified.
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The study provided important insight on sociobehaviora
characteristics of hospitalized smokers understanding of which
isessential in devel oping mobile appsfor hospitalized smokers.
Majority of them had a long history of tobacco consumption
with FTND scoresindicating high levels of nicotine dependence.
Despite a smoking ban at the hospital premises, 20% (11/55)
of the participants indicated that they smoked during their
hospital stay. Over three-quarters of these patients were
hospitalized for emergency treatment with alcohol and drug
abuse being the most frequent comorbid condition (20/55, 36%),
followed by depression or other emotional problems (19/55,
34%). Due to high level of distress at admission, the patients
were offered mobile app only at the second or third day of their
hospital stay. The mean number of smokers in the household
of hospitalized smokers was 2.0(1.5). Thus, education about
hazards of secondary smoking as well as involvement of
household membersin asmoking cessation program is necessary
for these patients. Despite high levels of nicotine addiction,
over 80% of the patients tried to stop smoking in the past and
majority stated that they would like to give up smoking in the
future. The distribution of stages of change in the hospitalized
smokers and in general population differed remarkably. In our
study initial distribution of smokers in precontemplation,
contemplation and preparation stages was 16%, 44%, and 40%
whereas in general population this distribution was reported to
be 37%, 47%, and 16%, correspondingly [61]. High proportion
of peoplein contemplation and preparation among hospitalized
smokers coupled with inability to achieve maintenance in
smoking cessation in the past underscores high importance of
assi stance in smoking cessation that should be provided to these
patients during their hospital stays. Given that the mobile app
positively affected cognitive and behavioral factors associated
with smoking cessation, it can be used asan integral component
of ahospital-based smoking cessation program.

Most of our study participants were African Americans, were
unemployed, and had low-education and low-income levels.
The majority of patients had very limited computer education.
At baseline, Caucasians, employed patients, and those with
higher-education level demonstrated better knowledge about
hazards of smoking but all groups appeared to benefit from this
intervention regardless of their background. Differences in
baseline knowledge were significant between African Americans
and Caucasians;, however, after using the mobile app the
knowledge scores in both groups increased, and the difference
inthe mean K S between these two groups became insignificant.
Thus, the mobile app hel ped to decreaseracial disparity in health
literacy asit pertainsto the hazards of smoking knowledge.

The mobile app used in this study aimed to increase patients
knowledge levels about hazards of smoking and was successful
in doing that regardless of race, gender, computer skills, or
educational level. The mobile app delivered a very simple
interactive curriculum that can meet the educationa needs of
patients who are able to read at afifth grade level. It is likely
that the consistently positive impact of the maobile app on
knowledge gains among the study participantsis related to the
app’sinterface features, such as specifically developed content
for low literacy users, one message per screen, question and
answer format, voice-over option to addressfunctional illiteracy,
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and use of illustrations as content anchors. Based on the
regression analysis, the main predictor of knowledge gain was
the baseline knowledge score. Thisis anticipated because with
higher baseline scores, thereis not as much room for knowledge
gains resulting in a ceiling effect.

In regard to hospitalized smokers' readiness for change, our
results are consistent with earlier studies showing that the
majority of hospitalized smokers are in the contemplation and
preparation stages. In a recent study, among hospitalized
patients, Katz et al [62] reported that 61% of their study
participants were ready to quit immediately; another study
among hospitalized patientswith cardiac diagnosis showed that
three quarters were thinking of quitting within 6 months with
approximately half of those ready to set aquit date [13]. In our
study, participants were admitted for avariety of reasons, often
less life threatening than an acute cardiac condition and many
unrelated to smoking. Therefore, it is not surprising that our
patients were less prepared to quit with 40% (22/55) in the
preparation stage. After using the interactive education app, an
additional 11% (6/55) of patients reported that they were ready
to quit. Thisis consistent with earlier studies showing that even
brief interventions can have a significant impact on smokers
attitudes [9,11,63]. This is particularly relevant given that
extensive hospital-based interventions, though effective in
increasing quit rates, have been difficult to trandate into practice
until recently [9,12]. Given the current health care climate,
interventions that are not resource intensive and can reach a
large number of smokers are needed, and these interventions
should be designed to easily fit into the hospital workflow.

Participants attitudes toward the mHealth education app in
hospital werelargely positive. Those who had more knowledge
gains scored better on the attitudinal surveys suggesting that
they perceived more value and benefits from the mobile app
use. The majority of participants reported learning new
information from using the maobile app, and more than 90%
(51/55) of the participants reported that they would certainly
recommend it to other smokers. It isconceivablethat additional
similarly designed modules incorporating smoking cessation
counseling features, in addition to education might provide a
feasible and effective approach to deliver smoking cessation
counseling to large numbers of hospitalized smokers.
Nevertheless, theimpact on smoking cessation rates might still
be modest in absence of outpatient follow-up [64-65]; whether
these outpatient interventions might be facilitated by a mobile
app used in a hospital remains to be determined. In a recent
Cochrane review of inpatient smoking cessation programs,
inpatient interventions that involved intensive counseling and
continued for at least 1 month post discharge were associated
with increased smoking cessation rates (OR=1.65; 95% ClI
(1.44,1.90)) [10,66]. If interventions based on mobile apps prove
to be similarly successful, they could result in a major public
health impact. More research is needed to devel op and evaluate
such interventions, to test their large-scale feasibility, and to
extend their use beyond the hospital.

Strengths and Limitations of the Study

A strength of this study includes the demonstration of high
acceptance of the mobile app by hospitalized smokers who are
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in greatest need of smoking cessation intervention including
minority patients with low socioeconomic status and limited
education [67,68]. Despite these potential barriers, and the
limited exposure to computers, the patientsin this study found
the mobile app usable and educational . Limitations of this study
aretherelatively small sample size, quasi-experimental design,
and short follow-up. Specifically, although patients reported a
higher readiness to quit smoking following the mobile app
intervention, we did not determine whether these patients
ultimately maintained a desire to quit following hospital
discharge, and we do not know how many of them were
successful in doing so.

Implications for Future Research

Statistically significant knowledge gain achieved by the mobile
app users described in this study concurs with our previous
studies [31-35]. As in the previous studies, knowledge gain
coincided with improvements in attitudes and beliefs [50]. For
example, computer-assisted depression education resulted not
only in improvement in depression knowledge but also in
decrease of menta health stigma [69]. In this study, besides
increase in hazards of smoking knowledge, statistically
significant improvementsin self-efficacy and smoking attitudes
were achieved. Also positive shifts in stages of change and
decisional balance were identified, though they didn't reach
statistical significance. This may be explained by a relatively
small sample size and heterogeneity of study sample in terms
of patients background and smoking behavior. In addition,
because hospitalized smokers included high proportion of
individuals with high levels of nicotine dependence coupled
with low socioeconomic status and limited education, more
intensive and multicomponent interventions over prolonged
period of time may be warranted to achieve sustainable change
in smoking attitudes and behaviorsleading to smoking cessation
and lasting smoking abstinence. Thus, lack of significant change
in Decisional Balance Scale in our study may be attributed to
thefact that changing Prosand Consbalancein habitual smokers
requires multifaceted intervention beyond a single encounter
with amobile app.

Multiple studies demonstrated that knowledge and beliefs about
smoking are associated with key behaviors such as cessation
and intent to quit. [70,71]. A consistent relationship between
smoking status and belief in the harmfulness of smokingiswell
described [ 72]. Previous studies showed that those who evaluate
smoking behavior negatively do so at least in part because they
have knowledge of the negative health effects of smoking and
this negative eval uation contributes to the intention to not smoke
[73]. Our study concurred with these reports by showing various
gapsin hazards of smoking knowledge in hospitalized smokers
particularly on association of tobacco use and increased risk for
leukemia, colon cancer, and cervical cancer. Knowledge gains
attained after the mobile app use resulted in positive shifts of
smoking attitudes and other behavioral constructs affecting
quitting intentions. However, increasing knowledge about the
harmful effects of smoking may not be sufficient for smoking
behavior change and other factors such as social norms may
play significant role [74]. Knowledge gain achieved by health
education isgenerally considered aprerequisite for asuccessful
behavior change and it may be helpful in affecting attitudes and
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beliefs however it is usually not sufficient to achieve lasting
behavior change [53-56]. Different behavior change theories
describe various constructs affecting health behaviors. For
example, Theory of Planned Behavior (TPB) describes health
behaviors and intentions including smoking using such
constructs as attitudes, subjective norms, and perceived
behavioral control [75]. Health education may be instrumental
in affecting some of these constructs but additional intervention
components are needed for successful behavior change. Based
on underlying behavioral constructs emanating from
corresponding behavior change theories suchas TTM or TPB,
effective mobile app for smoking cessation should be able not
only educate but provide tailored counseling that corresponds
toindividual psychological, behavioral, and social characteristics
of a smoker over a prolonged period of time. Interactive
educational components aimed at increasing knowledge and
tailored counseling components aimed at changing behaviors
play complementary rolesin mobile appsfor smoking cessation.
Thus, the mobile app described in this study may be a part of a
multifaceted smoking cessation intervention delivered over a
prolonged period of time in a tailored personalized way via
multiple health communication channels as it was described
previously [40].

Our study results concur with previous reports on positive use
of hospital-based patient education [76,77]. Though earlier
studies acknowledged significant potential of hospital settings
as a fruitful venue for engaging patients in their care and
empowering them with individualized health education and
counseling, limited resources and personnel shortage were
frequently identified as barriers toward widespread
implementation of hospital-based patient education [76,77].
Previous studies reported that during hospital stays many
patients experienced substantial inactive time coupled with
recognition of seriousness of their health condition and desire
to learn more about their care; however, staff availability for
personalized health education was limited [78]. Our study
demonstrated that mobile appsfor personalized health education
may help successfully address this barrier. Recently published
studies confirm high potential of mobile apps delivered via
tablet computers or smartphones for patient-centered
hospital-based programs aimed at patient education,
engagement, and empowerment [78-80]. Growing number of
clinicians endorse use of tablets for personalized care delivery
to their patients [81]. Employing more comprehensive
computer-assisted interventions using a variety of behavioral
constructstailored to individual patient profiles over prolonged
period of time may significantly enhance the performance of
such systems in the future [79]. Larger scale studies with
extended follow-up will be required to definitely evaluate the
clinical benefit of thistype of intervention [78].

Conclusions

A mobile app provides feasible and effective means to educate
patients about the hazards of smoking in ahospital setting. The
mobile app has significant potential in facilitating the reduction
of racia disparities in health literacy as it pertains to hazards
of smoking knowledge. Further research is needed to evaluate
the cost-effectiveness and long-term effects of this promising
patient engagement and empowerment approach.
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Abstract

Background: Mobile phones have great potential for medical education, as they allow health care providers and students to
access resources efficiently at the precise time at the point-of-care to help in informed decision making.

Objective: The objective of the study was to evaluate the prevalence of mobile phone usage among medical residents and to
explore their attitudes, perceptions, and the challenges they experience when using mobile phones in academic and clinical
practice.

Methods: A cross-sectional survey was conducted on all 133 residents in 17 different specialties across two large academic
hospitals in Riyadh, Saudi Arabia. The Web-based validated questionnaire measured mobile phone platform preferences, and
their uses in general and medical practice. The perception of confidentiality and safety impact of using mobile phones for
communication and accessing patient’s data was also explored, alongside challenges of use and how residents learn to use their
mobile phone.

Results: With aresponse rate of 101/133 (75.9%) and mean age of 27.8 (SD 3.0) years, we found that 100/101 (99.0%) of
participants were mobile phone users with mean duration of use of 5.12 (SD 2.4) years, and a range from 1 to 12 years. There
was no significant difference in use between male and femal e respondents. A negative linear correlation was found between age
and use duration (P=.004). The most common operating system used by participants was the iOS platform (55/101, 54.5%), with
English the most commonly used language to operate residents’ mobile phones (96/100, 96.0%) despite their native language
being Arabic. For communication outside medical practice, chatting applications such as WhatsA pp matched phone calls as most
commonly used tools (each 88/101, 87.1%). These were also the primary tools for medical communication, but used at a lower
rate (each 65/101, 64.4%). In medical practice, drug (83/101, 82.2%) and medical (80/101, 79.2%) references and medical
calculation applications (61/101, 60.4%) were the most commonly used. Short battery life (48/92, 52%) was the most common
technical difficulty, and distraction at least on aweekly basis (54/92, 58%) was the most likely side effect of using amobile phone
in medical practice. Practically, all participants agreed with the idea of integrating medical staff mobile phones with the hospital
information system. Most residents described themselves as self-learners, while half learned from peers, and a quarter learned
from the Internet. Only 7/101 (6.9%) had received formal training on the medical use of mobile phones. Over half of residents
thought it was safe to discuss patients over their personal, nonencrypted email.
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Conclusions: Mobile phone use among medical residents has become almost universal in academic and clinical settings. Thus,
academic and health care institutions should support proper utilization of these devices in medical training and point-of-care
decision making, while continuing to protect patient confidentiality.

(JMIR Mhealth Uhealth 2016;4(2):€61) doi:10.2196/mheslth.4904

KEYWORDS

cell phones;, mobile phone; telemedicine; medical education; medical residencies, educational techniques, patient care;
communication methods, WhatsApp; Saudi Arabia; point of care technology

Introduction

Smartphones and Health Care

Over the last two decades [ 1], smartphones have been evolving
rapidly in functionality and propagation. Smartphones combine
amobile phonewith other features of personal digital assistance
such as Internet browsing, email access, globa positioning
system navigation, touchscreen, motion sensor, wireless Internet
for  frequent interface/fourth  generation  (mobile
telecommunications  technology) connectivity, desktop
synchronization, voice recognition, high-quality camera, large
displays, aswell asthird party applications, commonly referred
to as “apps’ [2]. These functions turn the smartphone into a
portable computer. They have great potential for medical
education, as they allow health care providers and students to
accessresources efficiently at the right time at the point-of-care
to support better decision making in patient care [3-7]. Faster
processors, improved memory, and long-life batteriesin concert
with highly efficient operating systems capable of advanced
functions have paved the way for apps that are beneficial for
both personal and work environments.

Mobile phones in many ways are similar to personal digital
assistant (PDAS), which have been studied well in health care
education [4] and proven their value across a variety of apps.
PDAsallowed health care providersto carry multiple references
intheir pocket, log clinical encounters, and tally of clinical time.
Mobile phones are newer technologies with the expanded
functions of cellular technology, Internet connectivity, and a
wider range of specialized apps. Operating systems include,
Google's Android, Apple's i0S, Research in Motion's
BlackBerry, and Microsoft Windows Phone platform [5]. In
addition to Internet browser access, a plethora of free and paid
apps are on offer in each system’s app distribution store. Here,
individual users can browse and download apps as required,
allowing for high personalization [8]. Mobile phones’ cellular
connectivity enablesthem to connect to Internet resources even
when wireless networks are unavailable [5], making them
particularly valuable in the clinical setting.

Health care workflow is highly mobile, encompassing multiple
settings of care such as outpatient clinics, inpatient wards,
emergency departments, operating theaters, intensive care units
(ICUs), radiology departments, laboratories, etc [6].
Consequently, working in the health care system requires
extensive mobility of hedth care providers as well as
communication and collaboration among a variety of
individuals, including colleagues, multidisciplinary teams, and
patients. In addition, the nature of medical resident’s work

http:/mhealth jmir.org/2016/2/e61/

involves also continuous educational assignments and
connectivity to educators and administrative teams.

Today, mobile phones serve a vital role in the practice of
medi cine, which rangesfrom patient monitoring and diagnostics
to health education and communication.

Aim of the Study

Theamount of research in the use of mobile phonesin medicine
is rapidly growing, but there are few high-quality studies
answering questions about their use and impact on medical care
and education [3]. Given the rate of uptake of mobile phones,
their prevalence needs to be measured frequently as figures
quickly become outdated. In addition, we seek to explore
attitudes, perceptions, aswell as challengesfaced by their users.
In particular, we are interested in their effect on confidentiality
and security. We also wish to shed light on how residents view
therole of the institution with respect to mobile phone use and
how residents learn to use their devices and overcome barriers
they encounter. A better understanding of the above isthefirst
step in maximizing the technology’s potential and limiting less
desired consequences.

Methods

Study Design and I nstrument

This is a cross-sectional survey based study using a
self-administered structured questionnaire in the English
language. The questionnaire included 22 validated questions
distributed into the following sections: (1) general demographic
information, (2) mobile phone preferences, (3) mobile phone
genera uses, (4) mobile phone medical-practice uses, (5) mobile
phone learning/training uses, (6) communication tools/apps
uses, and (7) mabile phones privacy and security issues.
Validity

The questionswere generated based on aliterature review about
mobile phone uses among medical professionals and students
[4,5,9-12]. Then, questions were drafted using the focus group
technique utilizing the authors' personal and professional
experiences. There were three experts in informatics that
reviewed the questionnaire for content accuracy, validity, and
reliability. A pilot study was conducted where the initial draft
of the questionnaire was distributed to 30 professionals at King
Khalid University Hospital (KKUH) ICU. The aim of the pilot
study wasto ensure the understanding and applicability of each
guestion. Notesfrom pilot respondents were taken and questions
were modified accordingly. A Cronbach alpha>.6 wasrecorded
for the questionnaire during the pilot testing.
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Subjects

Invitations to participate in the survey were sent to all of the
128 active residents enrolled in 17 different residency-training
programs as per record of the two teaching hospitals as described
below. No residents were excluded from the study.

Settings

The study was conducted at KKUH, Riyadh and King
Abdul-Aziz University Hospital, Riyadh. Both are affiliated to
King Saud University, Riyadh, Saudi Arabia. These university
hospitals are the largest tertiary care referral teaching hospitals
in Riyadh, with amajor primary health carefacility and various
specialized departments, which make them priority targets for
many medical students of the country for residency training.

Data Collection

We distributed the Internet questionnaire, via an email tool,
available at a Web site, to the official email list of residents
registered in theresidency officein the two university hospitals
during the period between January 2014 and April 2014. This
Web-based survey tool was chosen because it was more
reachable by all residents in different departments, in addition
to residents who could be rotating outside the two hospitals,
where it could be difficult to reach them through conventional
paper surveys[13]. Thereweretwo remindersthat were emailed
to nonrespondents one-month apart. Moreover, printed posters
encouraging participation with a direct Quick Response code
link to the survey website were also provided. Posters were
distributed among the hospital departments to mativate the
residents to participate in the survey. In addition, we emailed
al of the 17 chief residents of different residency-training
programs of both university hospitals aong with the
advertisement poster attached. A text messaging communication
service, known as “Tawasol”, which is a Web-based
communication service used to communicate with KSU staff
members via short text messages, was used to send the official
link of the survey toresidents. Finally, residentswereinformally
approached individually, asking whether they have participated
in the survey or not, and to motivate them to complete it.

Data Analyses

Thedatawere exported from SurveyM onkey into the Statistical
Package for Social Sciences (SPSS), using standardized entry
codes. For al tests, statistical significance was set at P <.05.
Descriptive statistics were used to present means, SD, and
percentage. In addition, student’st test, z-proportional test, and
chi-square tests were employed to compare group variables
between gender and demographic variables. Furthermore, the
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relationships of resident’s attitudes toward using mobile phones
in medical practice were assessed using regression analysis
based on gender, specialties, and uses. The model was generated
where all the selected variables were converted into binary data
(disagree & agree). For multivariable analyses (regression), we
constructed a dataset that had complete values for all relevant
variables across observations, thereby, discarding the
observations that had missing values for any of the variables
involved in the regression analysis. The strategy was adopted
to maintain comparability between models so that they could
be developed from the same denominator. All analyses were
conducted using SPSS version 21, 2013 (IBM SPSS, Inc,
Chicago, IL).

Ethical Statement

All participants were informed about the purpose of the study
and their electronic consent for participation was taken in the
first Web page of the electronic survey. All participants' data
are maintained in a secure fashion by separating participants
identifiers and associated data. All of the data were analyzed
as atotal population in a manner that individual privacy was
maintained. Institutional Review Board (IRB) approval for this
study was taken from the College of Medicine, King Saud
University, Riyadh, Saudi Arabia (13/3914/IRB), and the
Oregon Health and Science University Research Integrity Office
(IRB00010913).

Results

Response Rate

Out of the 128 approached residents, 107 responded to the study
(83.6%), six of them were excluded due to not answering all or
most of the questions. However, surveys with missing answers
that were not related to the main outcome variables were
included in the analysis. Therefore, atotal of 101/133 (75.9%)
was analyzed.

Demogr aphic I nformation

The mean age of participants was 27.8 years (SD 3.0), ranging
from 23 to 38 years old. Most of the participants (59/101,
58.4%) were less than 28 years old. On further comparison,
there was no statistically significant difference found between
male and female age groups (chi-square test; P =.186). Maes
were higher in number and comprised atotal of 63/101 (62.3%)
of responded participants. The majority of respondentswerein
their first year (PGY-1) of residency training (55/101, 54.5%);
see (Table 1).
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Table 1. Demographic feature of the respondents.
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Features n=101 %
Age (yearsold)
Mean age (+SD) 27.8 (£3)
Below 28 59/101 58.4
28-32 33/101 32.7
Above 32 9/101 8.9
Gender
Mae 63/101 62.4
Female 38/101 37.6
Residency level
PGY-1 55/101 54.5
PGY-2 13/101 12.9
PGY-3 13/101 12.9
PGY-4 7/101 6.9
PGY-5 8/101 7.9
Board €eligible 5/101 4.9
Specialty (top seven only)
Pediatrics 14/101 13.9
Internal medicine 12/101 119
General surgery 11/101 10.9
Otorhinolaryngology 11/101 10.9
Ophthalmology 7/101 6.9
Family medicine 6/101 5.9
Obstetrics & gynecology 6/101 59

M obile Phone Use

Almost al participants reported that they own and use mobile
phones (100/101, 99.0%), with mean duration of usage of 5.12
(SD 2.4) years, ranging from 1 to 12 years. The relationship
between duration of usage and age wasfound to follow alinear
relationship (duration = 11.6 — 0.234 x age). Although this
relationship was statistically significant (ANOVA; P =.004), it
was not found to be a strong one (r =0.282).

The most prevalent language for operating residents’ mobile
phones was English (96/100, 96.0%), although Arabic was the

http:/mhealth jmir.org/2016/2/e61/

native language of most participants (97/101, 96.0%). The
operating systems mostly used were iOS from Apple (55/101,
54.5%), followed by Android (54/101, 53.5%), Blackberry
(5/101, 5.0%), and Windows Mabile (3/101, 3.0%) in total
(Table 2). Further analyses showed that (16/101, 15.8%) of
participants were using two different mobile platforms, and
only one participant was using three different mobile platforms
concurrently. Out of iOS users, 10/45 (22%) were also Android
users. All of the three Windows Mobile users reported using
other devices at the same time.
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Table 2. Mobile phone preferences.
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n=101 %
M obile phone owner ship
Yes 100/101 99.0
No 1/101 0.9
Year using a mobile phone
Mean (+SD) 5.18 (+2)
Range 1-12 years
Operating system used 2
i0S 55/101 54.5
Android 54/101 535
BlackBerry 5/101 4.9
Windows 3/101 29
L anguage used on mobile
phone b
Arabic 4/101 4.0
English 96/101 95.0

2Total is more than 100%, since more than one choice is allowed.PTotal isless than 100%, since 1 participant missed answering this question.

Chatting Apps

Chatting apps (88/101, 87.1%) such as WhatsApp and LINE
matched traditional phone calls (88/101, 87.1%) as the most
often used nonmedical communication tools. Both of thesetoals,
chatting apps (66/101, 65.3%) and phone calls (65/101, 64.4%),
werea so the highest ranked for practice-rel ated communication,
Figure 1 showsthis. Ingeneral, drug references (83/101, 82.2%);
medical references (80/101, 79.2%); and medical calculation
(61/101, 60.4%) were the most commonly used
noncommunication tools (Figure 2 shows this).

There were four out of five residents (73/92, 79%) that denied
awareness of mobile phone medical apps provided by their
institutes. There were no significant differences between males
and females (chi-square; P =.347) or age groups (chi-square; P
=.326). Most of the participants requested that their institutes
should provide accessto their patients' data via mobile version
of electronic health records (82/101, 81.2%), mobile drug
references (67/101, 66.3%), and medical references (59/101,
58.4%). Almost all of the participants (91/92, 98%) agreed with
the idea of integrating medical staff mobile phones with the
hospital information system. There were four out of five
residents (73/92, 79%) that supported replacing their current
hospital pagers with hospital-provided mobile phones.

Figure 1. Medical and nonmedical related usage of communication tools/applications (apps). King Saud University: KSU. The numberson they axis

represent the percentage.
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Figure 2. Medical-practice-related noncommunication applications (apps)/tools. The numbers on the y axis represent the percentage.
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Learning to Use Mobile Phonesin Medical Practice

When investigating methods of learning how to use mobile
phones in medical practice, 84/101 (83.2%) of residents
described themselves as sdlf-learners, while 50/101 (49.5%)
learned from their peers, while others (27/101, 26.7%) learned
from Internet resources such as YouTube and blogs. Only 7/101
(6.9%) were exposed to formal training such as workshops or
lectures and seminars about medical uses of mobile phones.

Reported Useful Uses of Mobile Phonesin Medical
Practice

Most participants (82/92, 89%) reported that smartphoneswere
useful for staff communication, while 35/92 (38%) reported the
communication with patient’s family via mobile phone as
harmful, though al the rest of the answers were neutral. In

addition, the participants reported that mobile phones were
useful in consultation (64/92, 69%), reviewing patient's
lab/radiology results (79/92, 86%), and critical alerts about
patients (71/92, 77%).

Technical Difficulties

To find out about the potentia technical difficulties residents
faced with their mobile phones, they were asked to rate the
frequency of difficult situations they faced with their devices.
Over haf of the participants, (84/92, 91%), reported “short
battery life” as a challenge faced on a daily basis (Figure 3
showsthis) with 28/92 (30%) reporting that mobile phoneswere
distracting them from their work on a daily basis, and 26/92
(28%) were distracted by smartphones on aweekly basis (Figure
4 shows this).

Figure 3. How frequently did you experience these technica problems on your mobile phone? The numbers on the y axis represent the percentage.
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Figure 4. How frequently did you experience these challenges on your mobile phone? The numbers on the y axis represent the percentage.
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Safety of Using Mobile Phonesin Medical Practice

Most of the participantsthought that using official email (67/91,
73%) and personal email such as Gmail, Hotmail, and Yahoo
(51/92, 55%) were safe and securein discussing patients’ details.
On the other hand, most participants reported social networks,

such as Facebook and Twitter (77/92, 84%) were not safe to
discuss patients' data (Figure 5 shows this). Female residents
were more conservative in perceiving the safety of mobile

chatting apps (x,=8.7, P =.012, phi= 0.311) and voice calls
apps such as Skype (x%=9.7, P =.008, phi= 0.327).

Figure5. Arethesecommunication application (apps)/tools securein discussing your patient's details. The numbers on they axisrepresent the percentage.
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Discussion

Principal Findings

Dueto theincreased global adoption rate of mobile technology
in medical practice[8], itisnot surprising that the adoption rate
found (100/101, 99.0%) in our survey is much higher than
previous studies locally and abroad. A comparable study
conducted in Riyadh a year prior to this study, but in a much
smaller sample size showed an adoption rate of 45.5% among
medical residents, with aduration of usage between 5to 9years
[14]. In the United States, the adoption rate plateaued since
2011 at alow- to mid-80 number in terms of physicians using
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it for professiona purposes[15-17]. In the United Kingdom, a
2012 study quoted a prevalence of 75% [8].

Besides the significance of “how many” residents are using
mobile phones, similarly important is “what quality” of apps
are being used by these residents. M obile phone appsfor clinical
use are a vital aspect for the training residents, who may
continue to use such apps for their actual patients' care. Many
studies focused on this issue. For example, Vohralik et al [18]
assessed the reliability and validity of a mobile phone app to
measurejoint range. They concluded that the apps they assessed
were both reliable and valid, provided a low-cost method for
measuring range of motion, and were easily incorporated into
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clinical practice. In another study by Man et al [19], they found
that a mobile phone app was effective for both increasing
confidence in depression treatment and educating physicians.
However, they recommended that future studies were till
needed to eval uate the effectiveness and impact of mobile phone
apps on medical education and postgraduate training [19].
Sampognaro et al [20] reported that mobile devices offered the
potential to enhance prerounding efficiency for medical students
and residents. They suggested a customizable Evernote-based
system for reproduction by interested students [20]. Recently,
Jin and Kim [21] described their three-phases evaluation of a
“Tool for Healthcare Smartphone Applications’. They concluded
that the evaluation tool they developed and tested in their study
was an appropriate and widely applicabletool to evaluate health
care mobile phone apps to determine if they are reliable and
useful [21].

Our study showed a significant negative correlation between
age of participants and duration of mobile phone use in their
lives. This could be explained by the expectation that younger
residents are using mobile phones earlier in their education.

Although Android is the most common mobile platformin the
general population [22], Apple's iPhone iOS was more
predominant in medical population, as was found in this study
(55/101, 54.5%), which is close to other international surveys
(56%) [23].

Most Commonly Used Apps

Emailsarestill the primary method of correspondencein health
care [24], but are not that common in communication with
patients [25,26]. Similarly, communication apps, such as
WhatsApp and LINE, usage is gradually wide spreading as
much as phone calls asfound in this survey, and other literature
[27-30]. Our survey showed an increasing prevalence of using
mobile nonofficial emailsand chatting appsfor medical -practice
related usage. Thisis aarming given that 51/90 (56%) of our
respondents perceived that it was safe to use their personal
nonofficial emails to discuss their patients' data.

As shown in this study and other previous studies, drug
information apps were the most commonly used apps used in
clinical settings with a range of 72-100% of residents and
physicians[10,14,16,31]. Although our survey did not ask about
the use of mobile phones to take clinical photos, other recent
studies have reported that the increasing number of physicians,
especialy dermatologists, capture and store patients' photosin
their mobile phones[30,31].

L earning Methods

In contrast to most of the other technologies applied in medical
practice, the vast majority of mobile phone users, as stated in
this study and other studies [32], required only a short time to
self-learn how to use their mobile phones for accessing
point-of-care medical information at the bedside and engaging
in self-directed learning. This highlights their ease of use and
potential asagood platform for delivering technol ogy-assisted
software. At the same time, we would do well to provide more
formal support and training. Thiswould also help residents be
more aware of officia apps provided or approved by institutions.
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Implications for Practice

A very high percentage of participants (88.9% of male and
90.0% of female participants) strongly agreed that PDAs had
improved their performance [14].

The use of handheld computers has improved patient
documentation through more complete recording, fewer
documentation errors, and increased efficiency. Handheld
computers provided easy access to clinical decision support
systems and patient management systems, which improved
decision making for patient care. Handheld computers saved
time and gave earlier access to recent information. There were
also reports that handheld computers enhanced work patterns
and efficiency [33]. In another study, Tran et a [26] reported
on the personal mobile phones uses among clinicians. They
found that personal devices were used to communicate with
their medical teams and health care professionals. Participants
in that study from four academic teaching hospitalsin Toronto,
Ontario, reported their understanding of the potential risks
associated with communicating confidential health information
via their personal mobile phones, but appeared to favor
efficiency over privacy issues. From survey responses, 9/23
(39%) of the residents reported using their personal cell phones
to email or text patient related information that may have
contained patient identifiers. Although some residents in that
study were observed using personal mobile phones for
nonwork-related activities, personal uses were assessed as
infrequent [26]. Likewise, in addition, Wu et al [34] described
a hospital setting with a newly implemented communication
system with support for physician handover and secure
messaging. They found that amajority of their medical trainees
(82.8%) and nursing staff (78.3%) agreed that such a system
helped to speed up their daily work tasks. Most of them also
agreed that the system made them more accountable in their
clinical roles[34].

Frequent challenges of mobile phone adoption in medical
practice found in our survey were limited-battery-life and
low-network-coverage. Other studies have rai sed the awareness
of other obstacles such assmall screen size, potentially mistaken
datainput, viruses, magnetic interference with medical devices,
hampering of patient-physician interactions, loss or theft, and
breaches of data privacy and security [8].

Mobile phone-caused distraction is defined as any interruption
of a hospital clinician’s primary task caused by the internally
or externally initiated use of mobile phone[35].

Conclusions

Mobile phone use among medical residentsin various medical
specialties has become almost universal in health care settings.
Despite some limitations, mobile phones play aweighty rolein
residents’ day-to-day medical practice and residents use them
beyond communication. This should alert academic institutes
about proper utilization of these devicesin medical training and
point-of -care decision making, while at the same time ensuring
patient’s confidentiality. This may include, but not limited to:
suitable training on the proper utilization of these devices,
integration of hospital information systems, enabling trainees
to access patient’s data on their mobile phones, accompanied
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by adoption of comprehensive data confidentiality agreement, technology and help maximize its potential in their training
policies, and procedures. Looking to the future, medical strategies.
institutions need to incorporate proper use of mobile phone
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Abstract

Background: Smartphones and other mobile devices are having and will continue to have an impact on health care delivery in
acute settings in Australia and overseas. Nurses, unlike physicians, have been dow to adopt these technol ogies and the reasons
for this may relate to the status of both these professions within the hospital setting.

Objective: To explore nurses perspectives on iPhone use within an acute care unit. We examined their experiences and views
on how this device may improve communication and decision-making processes at the point of care.

Methods: Two focus group discussions, using a semistructured interview, were conducted over thetrial period. The discussions
focused on the nurses’ experiences regarding ease of use, features, and capabilities of the device. Thefocus groupswere recorded,
transcribed, and analyzed using semistructured interview questions as a guide.

Results: The positive findings indicated that the iPhones were accessible and portable at point of care with patients, enhanced
communication in the workplace, particularly among the nurses, and that this technology would evolve and be embraced by all
nursesin the future. The negatives were the small screen size when undertaking bedside education for the patient and theinvasive
nature of the device. Another issue was the perception of being viewed as unprofessional when using the devicein real time with
the patients and their family.

Conclusions: The use of iPhones by nurses in acute care settings has the potential to enhance patient care, especialy through
more effective communication among nurses, and other health care professionals. To ensure that the benefits of this technology
iswoven into the everyday practice of the nurse, it is important that leaders in these organizations devel op the agenda or policy
to ensure that this occurs.

(IMIR mHealth uHealth 2016;4(2):e43) doi:10.2196/mhealth.5071

KEYWORDS
acute care; clinical decision making; communication; iPhones; nursing

Introduction

Smartphones and other mobile devices are having and will
continue to have an impact on health care delivery in acute
settings in Australia and overseas. Nurses, unlike physicians,
have been slow to adopt these technologies and the reasons for
thismay relate to the status of both these professionswithin the
hospital setting. Physicians are often given easier access to the
technology needed to run health care apps and administration

http://mhealthjmir.org/2016/2/e43/

seems to have a more relaxed attitude toward the use of these
devices by these professionals [1,2]. Initially, personal digital
assistants (PDAS) [3-16] were first used; however, these have
now been surpassed by the smartphone—a PDA with multiple
capabilities. These phones offer voice and text communication,
advanced computing, and communi cation capability, including
Internet access and geo-positioning systems. Other features
include on-board persona management tools, high-quality
cameras, and recording devices. Current research suggests that
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smartphones may support aspects of clinical diagnoses and
treatment [17,18], yet there has been limited studies on whether
the devicesimprove decision making and communication at the
point of care. The literature that was available highlighted the
various means of communication and how these can be used to
reduce communication errors[19,20]. Another study suggested
that mobile communications may have a negative impact on
informal interaction between health care professionals and this
may require sociotechnical change [21,22].

Recent systematic reviews highlighted the increased use of
smartphones and how they are becoming anecessity for clinical
use among health care students and professionals[1,17,23-25].
Real-time evidence-based clinical information was also
considered important at the point of care, as it is common for
clinicians not to seek answersto clinical queries after completion
of a patient encounter [26]. Bedside access to patient
information, or access from anywhere, through smartphone use,
was accentuated, with a focus on security of personal data
[27-29]. Drug reference apps, e-textbooks and references for
disease diagnosis and treatment, and medical calculators were
reported as most useful for clinicians and students.

The vast amount of medical information, the rapid growth in
new pharmacotherapies and technologies, increasing time
constraints on clinicians, escalating pressure to reduce costs,
and substandard systems for delivery of care make it nearly
impossiblefor cliniciansto provide high-quality, error-free care
on aconsistent basis. In Australian hospitals, the most reported
adverse events (ie, incidentsin which harm resulted to a patient
receiving health care) are infection, falls resulting in injuries,
and problems with medication and medical devices [30]. In
most cases, a significant number of the errors are the result of
faulty system designs and conditions, and not due to individual
negligence or incompetence. It is well documented in the
literature that mobile technol ogies have the potential to reduce
medical errors or adverse events [20,31,32]; however, there is
also the potentia for unintended consequences, such as
technology-induced errors and distraction [10,33,34]. With the
increasing complexity of the health care system, it seems that
smartphones, like the stethoscope, are becoming a necessary
work tool for clinicians—the challenge is to maximize the
benefits of this technology while reducing the negatives.

The registered nurses (RNS) in this study used the smartphone
in an acute care unit that treated patients with diseases such as
breast and ovarian cancers, obesity, and diabetes, all of which
required ongoing support. In Australia, thereislimited literature
on the use of smartphones in clinical practice, yet it has been
embraced in some areas. The expected outcomes of this study
are improved communication and decision-making processes
within the acute care unit by nurses and other health care
professionals. Thismay indirectly lead to more efficient health
care delivery, with reduction in costs related to medical errors,
especidly in the area of medication prescribing and
administration. Increased efficiency in execution of patient care
may result as the nurses will have more time to provide direct
patient care. The smartphones can also be used for education
of patients, especially those with diseases that require ongoing
support. There may also be a cultural change within the unit,
that is, nurses and other health professionals embrace the use

http://mhealth.jmir.org/2016/2/e43/

Farrell

of these mobile technologies, so that they are embedded in the
workplace and in the workflow.

Methods

Study Objective

This study used both quantitative and qualitative methods to
investigate the use of smartphones by nurses in an acute care
setting. This paper focuses on the qudlitative data that were
captured in focus group discussions to explore the nurses
perspectives on the use of smartphonesfor communication and
decision-making processes.

Sample and Setting

The research was undertaken in the Gynecological Ward at
Royal Women’'s Hospital (Melbourne, Australia). A total of 20
RNswere purposively selected to participatein the project. All
received an 8-GB iPhone 5 (mobile device selected for this
study), a waterproof case, and an iTunes card to the value of
AUD $30 (donated by Apple Australia) to download relevant
software apps—MIM S Drug Information, MIM S Drug I nteract,
MedCalc, and PubSearch. The key features of the device
included a4-in. Retina display, an Apple-designed A6 chip for
faster performance, and a longer battery life. JB Hi FI and
Telstra, the vendors for this project, provided the equipment
and a AUD $60 monthly plan for each nurse. They aso
conducted a 2-hour training session for the participantsin iPhone
use at the commencement of the study and provided ongoing
support for any technical issues, if needed, throughout the
12-month trial period. To ensure that the AUD $60 plan was
not exceeded by the nurses, Telstra provided tracking of the
iPhone by text messages and voice usage. The Human Research
Ethics Committee of the Royal Women's Hospital approved
the study.

Data Collection and Analysis

A semistructured interview was used in the focus group
discussions. The participants were asked to describetheir general
impressions of the iPhones; any impediments or barriers
encountered when using the iPhones; support they received
from the training team; impact of the iPhones on their
communication processes with other nurses and health care
professionals, on their decision making, and on the culture
within their work environment. The audiotapeswere transcribed
verbatim and the content was analyzed using the semistructured
interview as a guide for identified themes.

Results

The narrative data were analyzed around the questions used in
the semistructured i nterview with scope for follow-up questions.

General Impression, Impediments, and Barriers
Encountered When Using the Mobile Device

Most of the nurses found the iPhones easy to use as reflected
in the following statement:

A lot of people who'd already used one [an iPhone]
picked it up quite quickly.
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Thephysical size of the screen was problematic and was deemed
too small to use at the bedside and to research information. The
speed processing and graphics were reported as fine yet battery
life was reported as problematic for some nurses. The main
reason for the latter was problems with the charger for some of
the devices. They were faulty and had to be replaced by the
vendors. Otherswere simply not recharging the device at home,
and thus, to overcome this limitation, some nurses brought a
charger to work. With regard to the data usage, there were
inconsistencies in how often this was checked. Some
respondents checked their usage regularly, whereas others did
not know how to do so. Consequentially, a participant reported
going over the data allowance and identified the problem to be
related to connection error with the iPhone,

| went over on my data allowance...becauseit wasn't
picking up the Wi-Fi network here.

The main impediments reported for using the iPhones were
reported as the physical size of the screen, connectivity issues,
commonality for American appsto be more available/accessible,
and the potential generation gap in technology. Various nurses
announced these specific accounts for these evidential barriers.
For example, as one nurse noted,

The actual size of the phone and screen...too small.
| think a printout is easier.

There were repeated responses regarding the preference to
hardcopiesfor patient education, | don’t think there’ sa demand
for it in your patient care...and that you need to be using the
Internet to educate the patient. WWe've got booklets from the
Cancer Council and things like that...I’d much prefer to give
to a patient

If they' ve got a physical booklet in front of them, it's
going to be a lot better than a website.

With regard to connectivity issues, one nurse said,

| couldn’'t load up the bundle...the website | need...I
think there’'s a security control here.

Another challenge certain nurses experienced wasthe difficulties
in finding Australian-normed apps instead of American (with
reference to drug calculations),

A lot of it is American...there’s acronyms for things
that | haven't heard of...I'm struggling to find an
Australian standardised app.

The theme of the generational gap emerged from this nurse,

| think specifically the older nurses, who haven't used
or who haven't had an iPhone were thrown in the
deep end...and went thisistoo hard.

Thefinal and potentially most pronounced theme wasthe nurses
being perceived as unprofessional, which inhibited and
discouraged the iPhone use, especially at the bedside, as
reflected in these statements:

Doing your own personal stuff on work time when
you should be looking after their relative or their
family member.

I've found | have to explain that it's a work
phone...because | feel it looks unprofessional.

http://mhealth.jmir.org/2016/2/e43/
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| feel like it's rude to them [patients] to be on the
phone.

Similarly, a nurse noted that the physical factor of having a
phone with you could consequentially have negative
implications as “it can intrude on those conversations.”

General Impressions About the Support From the
Training Team

The majority of the respondents stated that they did not receive
enough training and support at the initial stages of the study.
Downloading the software apps was problematic for some of
the nurses and believed that this should have been done before
they had received the device. In addition, some nurses reported
technical complications relating to login details

It took a whole month for me to figure out all the

logins.
Some also noted alot of teething issues at the commencement
of the project. In terms of ongoing support, certain nurses
disclosed that it was a matter of practice and “ getting used to
the iPhone” whereas another nurse noted they require
“continuous education.” The nurses supported each other as
noted in the following response:

| contacted I T and they helped me and so | was able
to sort of set everyone else up.

Similarly, there appeared to be a collaborated effort with regard
to the types of apps downloaded,

Someone downloads and says that’s a good app, so
all the others download it as well.

The good apps cited by the nurses were BreCan (patient
education, nursing needs, and updated clinical information),
Coloplast (wound care and dressing selection), LactMed
(medications that can be used when breast feeding), MIMS
(pharmacol ogical database for checking drugs), and MedScape
(point-of-care decision making including drug administration).
With regard to i Tunes accounts there were inconsistent reports
of set ups as exemplified by the following statements:

Everyone set up the iTunes account, so there are a
few things downl caded.
Half of them didn’t have an i Tunes account.

Only 1 respondent stated seeking assistance from Apple, where
they went into an Apple store and downloaded apps with
assistance in the store.

Impact of iPhoneson Communication Processes With
Other Nurses and Health Care Professionals
Communication was the dominant reason for iPhone use. One
respondent noted,

| would think 95% of thetimeit’s for communication
between staff.

Themost prevalent type of communi cation was phone callsand
texting, depicted with the following responses,

| would say the majority of the time | use them for
calling.
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| would text more often...but not always...because it looks like
you're texting socially.” One participant reported the issue of
response time with text messages,

They don't get answered as fast...don't know if they
got it.

Participants also reported using the iPhones to check their
emails. getting emails has also been useful. There were varied
responses with regard to how often the nurses used the iPhones,
however, the average was around 2-4 times/shift. The general
consensus among the respondents was that communication
between nurses had improved,

It's very good communication between us.

| think it has been really good communicating between
staff.

The nurses reported that the main reasons for making contact
with other nurses was centered on changing shifts, socia
agendas, and checks related to patients. There were no reports
of using the iPhones for organizing professional devel opment
sessions, although some of the nurses reported that they had
organized meetings for staff via the iPhone email or arranged
meeting points using the device.

Communication with other health care professionals yielded
varied responses:

| haven't used it to page any doctors or anything
though.
Sometimes | think it's easier to page them by their
phone.

By contrast, effective use of the device was aso reported, as
one nurse noted,

I’ve called peopledirectly...leave my number and the
doctor’s call me back.

The most common reasons for contacting doctors included
medication and intravenous (1V) fluid orders and reviews. In
terms of these health care professionals' responses, most nurses
appeared to incur positive feedback, asthe following inferences
indicate,

Some doctors are on board...[doctor] called me on
my iPhone.

Their awareness of it is good as well, for themto be
ableto contact us.

Ward clerks and the nurse in charge use it to contact
you if your patient needs to go to imaging or needs
to be transported.
Yet other nurses had experienced less positive encounters and

felt that therewas alack of knowledge about the project, asone
key informant implied,

Alot of clerks till yell for me.
Similarly, the nurses reported inconsistent experiences with
speed of reply from doctors,

| needed a fluid and blood order for a patient and |
paged one of the doctors. It had been a good half an
hour so | paged again and nothing. So | found another
doctor and then they got back to me straightaway.

http://mhealth.jmir.org/2016/2/e43/
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There was a continuous theme that emerged throughout the
interviews that indicated the project was atransitional process,
to which the nurses and other staff adapted,

At the start of the trial the doctors were quite unsure
of it...because they weren’t told about it...seem fine
with it now.

There wasfrequent reporting that other health care professionals
(most commonly referring to doctors) use similar technologies:

They use their phones all the time.
Look up their phones a lot more than us.

The doctorsdownload this app and you communi cate
between the apps, and that's the paging system.

This example highlighted the notion that doctors are already
utilizing technological advancements efficiently.

In the case of aclinical emergency, the first reaction from the
respondents was generally not to use the iPhone,

| don't think it [iPhone] would be realistic to ever
use in an emergency, because with bedside phones
it'sa four digit number...so it's just easier to use the
bedside phones.

However, with further deliberation, the nurses disclosed the
benefits of the iPhone if they did not have access to a phone,
as reflected in the following statements:

We had a patient with something going on with their
heart...Paged [doctor] and they called back within
30 seconds...on the ward within two minutes. That
was really good...and we didn't have to leave the
patient.

If you were somewhere else in the hospital, not near
a phone...prabably handy... in a situation where, just
say you were down the car park and its dangerous or
in the lift, and you're by yourself and something

happens.

Impact of iPhones on Decision Making and Culture
Within the Work Environment

Very few nurses reported using decision-making software apps
when providing care. The common reason was generally based
on the habit of going to acomputer, asindicated in thefollowing
comments of key informants,

| still find myself going to the computer to look at that
[MIMS], it'sjust probably more habit.

| just find it quicker to jump on the computer and |
did MIMStoday. | totally forgot about the iPhone.

The nurses reported that they had experienced a variety of
responses from patients regarding the nurses using their iPhones
for direct care. There was a continuous theme of the nurses
experiencing a degree of unease when using the iPhones at the
bedside, and noted the inappropriateness of answering calls
during particular times as the following nurse articul ated,

| always think when | ring another staff member and
they're in with the patient...having discussions about
dying and death...then the phone goes off...if | was
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talking and giving some education [to a patient] it
would be so rude...to answer my phone.
The magjority of nurses stated that the small screen size of the
phone made it inappropriate to use at the bedside, especially
with older patients:

If someone is elderly...showing a tiny little screen
about the website or something...I think a lot of our
education and information for patientsis a print off
that they can take home and read. It's not something
you sit there and go through or flick through on the
phone with them.

Yet some did admit that they “ looked a few things up” when
they needed information quickly or they did not have accessto
acomputer.

Furthermore, with regard to cultural change, several nurses
reported that the iPhones were the beginning “ of what's to
come” and were integral to modernizing the workplace. For
example, one nurse remarked,

The culturetoday is that everyoneison the phone...it
does save a lot of time. It has the potential to be
brilliant. | think the biggest concern for all of uswas
that we didn’t get a really good set up at the start.

There was also the belief that there was a degree of evolution
and gradual change in culture as exemplified by the following
comments from nurses:

Things just take time to sink in, | think this will be
more useful gradually. Once we use it more and get
used to useit. | think it'sthe future, or it'sthe current
future. Have to get into this.

Junior nurse might use the Internet a lot on their
iPhone as compared to the senior nurse who has a
lot more knowledge. So it might be really helpful for
ajunior nurse.

Another respondent stated that

She had been nursing for nearly nine or 10 years
[and] never had this opportunity really to have a
phone and to look up apps and to show patients that

One nurse with reference to technological advancements
believed that a device with a larger screen, such as an iPad,
would be next to every bed in the future. Others shared this
sentiment,

Now they're talking about iPads...bigger
screen...that’d be good for education.... I'd feel more
comfortable showing them something on aniPad more
than getting out my tiny little phone.

However, some reported that

iPads are not good for communication because you
can't call onit or put it in your pocket.

Discussion

Preliminary Findings
Communication and decision-making issues among health care
professionals are amajor problem in the clinical areaand often
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result in medical errors, that in most cases, are preventable
[19,20]. The use of iPhone by nurses to address this problem
identified varying themes that are related to practical use,
impediment and difficulties encountered, impact the devices
had on their communication and decision-making processes,
and future use. Asmost of the nurseswere from the Generation
Y age group, they found the iPhones easy to use and had no
problem with speed processing and graphics, yet staying within
their daily data allowance. Problems encountered were the small
size of the screen and the battery life, findings that were
consistent with similar previous studies[35,36]. It isinteresting
to note that screen size was a problem; however, thiswasrelated
to downloading PDFs or information that was difficult to read,
not to apps that had been specifically designed for iPhone.
Another impediment articulated by most of the nurseswas being
perceived as unprofessional when using the device with the
patient or family at the bedside. They felt it was rude to answer
the iPhone or attend to atext when administering direct care or
speaking to family members. This has been identified in other
studies where nursing and allied health professionals found it
disruptive when doctors answered callsduring interprofessional
rounds [21,37]. However, explaining the reason for using a
mobile device to the patient was found to have a positive effect
on patient-physician interactions and communications [38]. In
this study, the nurses did inform the patients and their family
that it was a work iPhone and there was a flyer in each room
stating that the nurses would be using the iPhone to assist them
with the decision-making and communication processes. With
regard to support from the training team, most nurses reported
that thiswasinadequate at the beginning of thetrial period, and
so they sought assistance from each other to find solutions to
the problems encountered (eg, downloading software apps).
Ongoing support was not required as most nurses improved
with practice and became familiar with the use of the iPhone.

Communication was identified as the major reason for iPhone
use with the most common medium being phone calls and
texting, undertaken at least two to four times/shift. The general
consensus was that communication between nurses had
improved with the focus being on checks related to patients,
changing shifts, and social agendas. Contacting doctors and
other professionalswithin thework environment varied, assome
used the iPhone whereas others still used the paging system.
The most common reasons for contacting doctors were for 1V
fluid orders and medication reviews. Clinical emergencies at
point of care were not a high priority for iPhone use as there
was a bedside phone; yet, most nurses acknowledge that they
would use the device if they did not have access to this phone,
and this was the case for some patients with cardiac problems.
Others stated that they would use the iPhone for their own
personal safety, for example, in car parks or trapped in lifts.
The ward clerks and the nurse in charge also contacted the
nurses on the iPhone mainly for transportation of patients to
imaging or other areas within the hospital, and most believed
thiswas very beneficial. What did emerge from these narratives,
which is significant, was the prolific use of smartphones by
physicians. All the nurses recognized how far advanced they
were in the use of these technologies, not only for efficiencies
in clinical practice, but also for communication among
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themselves. Thisfinding isconsistent with theliterature reports
[1,2].

Using the iPhones for decision making and educating
patients/family at the point of care was not fully embraced by
al nurses. Most felt a degree of unease, as stated previously,
and wereinclined tolook up information on the ward computers
rather than the iPhone. When educating patients/family, the
main issue was screen size, especially for older people, and the
print material was more accessible. Yet at the end of the trial
period most agreed that they did use the iPhone to look up
information quickly, particularly when the ward computerswere
being used by other health care professionals. The information
most sought was related to drug administration, which is
evidenced by the literature[2]. When asked about future use of
iPhones, most agreed that it will only be amatter of time before
these technologies are integrated into their practice, as a
necessary clinical tool. Some believed the iPad would be more
beneficial as it had a larger screen; however, others reported
that it was not as accessible and mobile as the smartphone.

These findings suggest that iPhone will be adopted by nurses
in clinical practice, primarily for communication between
themselves and doctors. Although the device was not used as

Farrell

much for decision making, this will evolve and the ideal
software apps developed will need to assist with workflow,
offer quick information about medications, illnesses, or
symptoms, and coordinate multiple activities.

Conclusion

To our knowledge, this study is significant, asit is the first in
Australiato comprehensively investigate the use of iPhones by
nurses in acute care unit to enhance communication and
decision-making processes. As stated previoudly, this study
focused on the qualitative aspect where the nurses’ perspectives
on iPhone use within this environment were explored. The most
significant themes that emerged from the narratives were that
all the nurses embraced the use of iPhones and believed that
the device will become a necessary clinica tool, like the
stethoscope. This is a promising finding as nurses, unlike
physicians, have been slow to adopt mobile technologies in
Australia and overseas. The challenges now lie with nursing
leaders and managers, in both the education and clinical sectors,
to ensurethat these technol ogies are adopted. Overall, itisclear
that more research and devel opment are needed to fully realize
the potential benefits of thesetechnol ogies, especialy theimpact
on patient health outcomes.
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Abstract

Background: Asaresult of demographic changes, physicians are required to deliver needed services with limited resources.
Research suggests that tablet PCs with access to patient datamay streamline clinical workflow. A recent study found tabletswith
mobile el ectronic medical records (EMRS) can facilitate dataretrieval and produce time savings across the clinical routine within
hospital settings. However, the reasons for these time savings, including details on how tablets were being used, remain unclear.
The same applies to physicians' perceptions of thistool within an inpatient setting.

Objective: Thisstudy examined physicians’ perception of tabletswith EMRsin an inpatient setting. The rationale wasto identify
both subjective and objective factors that impacted the successful implementation and use of tablets running an EMR.

Methods: We developed a 57-item survey questionnaire designed to examine users' perception of and attitude toward tablets,
which was administered to 14 participating physiciansfollowing 7 weeks of tablet use. Five participants volunteered to participate
in asecond study that investigated physicians’ patterns of tablet use within the EMR environment by digitally tracking and storing
usage behavior. Statistical analyses of questionnaire resultsincluded mean values with their bootstrapped 95% confidenceintervals
and multivariate analysis of variance to identify predictors of tablet use.

Results: Physicians reported high degrees of satisfaction with the tablets. There was ageneral consensus among physicians that
tablet use streamlined clinical workflow through optimized data retrieval (rated 0.69, 0.23-1.15 points better than control) and
improved communication with patients and other physicians (rated 0.85, 0.54-1.15 and 0.77, 0.38-1.15 points better than contral,
respectively). Age (F3,11=3.54, P=.04), occupational group (F1,11=7.17, P=.04), and attitude toward novel technologies
(F1,11=10.54, P=.02) predicted physicians satisfaction with the devices and their motivation regarding their further use. Tracking
datayielded that only afew of the available functions were used frequently.

Conclusions:  Although tablet PCs were consistently perceived as beneficial, several factors contributed to the fact that their
full potential was not fully exploited. Training in functionality and providing a reliable infrastructure might foster successful
tablet implementation.

(JMIR Mhealth Uhealth 2016;4(2):€70) doi:10.2196/mhealth.5464
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Introduction

Anincreasing average life expectancy paralleled by adeclining
birth rate has ushered in a constant demographic change in
industrialized nations [1]. These processes have significantly
affected health care service providers. In Germany, the most
tangible consequences of the aging population are a 28%
increase of casestreated in hospitals since 1991 [2] and a 46%
decrease in length of stay per patient [3]. Within the same
period, hospitals have registered a dramatic increase in the
inpatient treatment of patients aged 50 years or older [2]. Clear
evidence indicates that the number of diagnoses per patient
ascends with age [4], meaning that older patients often require
more extensive and costly treatment than the younger population
[5]. As a direct consequence, expenditures for health state
insurance in Germany rose by approximately 30% over the last
decade[6]. Although experts expect thisdrift to progress, similar
trends have been observed in other industrialized countries[7].

As aresult, health care service providers find themselvesin a
position where they have to maintain good quality of services
while dealing with sicker patients that often require more
complex, and more time-consuming, treatment and diagnostic
procedures. The clinical routine has thus become denser and
involves handling larger amounts of data in less time. This
underpinsthe need to optimize data handling within the clinical
environment to enhance practitioners’ efficiency. In addition,
a growing gap in physician supply has been forecasted for at
least one other Western nation [8]. This further highlights the
need for streamlining clinical workflow. Inlinewith thisnotion,
physicians at German hospitals spend up to one-third of their
average daily labor time on clinical documentation [9].
Therefore, this area in particular may benefit from workflow
enhancements. Recent research provides solid evidence that
quality and efficiency of health care delivery can be improved
through the use of digital information systems [10]. Hence, it
is unsurprising that many hospitals have aready replaced
traditional paper charts with electronic information systems to
grant more efficient and less time-consuming data handling
[11]. A solid base of evidence indicates that el ectronic medical
records (EMRYS) yield both process and structural benefits[12].
They can further promote availability of and access to patient
data[13], which is of great importance considering that access
to these data is often crucial in making medical decisions[14].
Although mobile EMRs provide location-independent access
to patient datain real time[15], it has been asserted that modern
tablet PCs may be appropriate hardware in this context [16].
Recent research suggests that such devices possess severd
features that make them particularly suitable for the clinical
environment. Theseinclude large screens that offer convenient
access to graphical content, long battery life, a high degree of
portability, and sufficient storage capacity [17]. Positive patient
attitude toward tablet use by doctors [18], easy disinfection,
and the availability of a broad selection of medical apps make
the devices even more attractive for professional use within
medical settings [16]. In summary, tablets unarguably offer an
appealing potentia for clinical use.

However, until recently there were no studies investigating the
impact of tablets with EMRSs on the clinical routine within an
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inpatient setting. In afirst attempt to shed light on this current
issue, we conducted a study that aimed to examine potential
benefits of tablets with mobile EMRs on a hospital ward [19].
In this context, we explored quantitative effects of tablet use as
an extension of the established gold standard (paper chart and
trolley with laptop running an EMR) on labor time in
comparison to exclusive use of the existing gold standard.
Results showed that tablet use led to significant time savings
during the preparation and postprocessing of ward rounds. We
also found that checking a medical record was significantly
faster in the presence of a tablet, which in turn led to a
significant increase in doctor’s time spent at the bedside. Yet,
the underlying mechanisms of the obtained time savings
remained unclear.

In addition to quantitative improvements as outlined previously,
early qualitative studies report high degrees of satisfaction with
mobile clinical information systems among physicians [20].
However, these studies were conducted before the tablet PC
era. Research investigating physicians' perceptions of tablets
in the clinical environment thus remains sparse. Anderson et al
[16] examined physicians perception of tablets in private
practice settings. They found that physicians responded
generaly positively to the devices. Findings from a second
qualitative study that was conducted in an emergency
department suggest that tablet use can potentially streamline
clinical workflow and improve physician-patient interaction
[21]. These results are promising overall. However, none of
these studies were conducted within an inpatient setting and,
importantly, subjective reports (eg, through questionnaires)
were rarely correlated with changes in objective measures. In
order to fill this gap in the literature and to better understand
the underlying causes for the significant time savings observed
in our previous study [19], we gathered data through
semistructured questionnaires. We further electronically tracked
patterns of tablet use by participating physiciansto gain a better
understanding of how thetabletswere utilized during the clinical
work day. Our aim was to get a clear grasp of what features
exactly were perceived as beneficial by physicians.

Methods

Participants

The study was conducted at the department of neurology at the
Charité University Hospital in Berlin. Nine resident (2 female,
7 male) and five staff neurologists (all male) participated in the
study. Two participants were younger than 30 years of age,
seven were aged between 30 and 39 years, four were aged
between 40 and 49 years, and one was older than 50 years. The
main sampling criterion wasto select physicians who regularly
engaged with the clinical routine. This criterion was met by all
participants. Physicians were informed that they would be
required to provide feedback regarding their practical experience
with the tablets following the study period. A total of five
participants agreed to participate in the electronic datatracking.
All participants gaveinformed verbal consent before completing
the questionnaire. No information regarding hypotheses was
disclosed at this point. Data collection was fully confidential.
Participants were told not to use their tablet in case they felt
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that this would hinder the delivery of health service in any
conceivable sense (eg, in the case of an emergency). Participants
were free to withdraw from the study at any point. However,
none of the participants withdrew. The study received approval
from the Ethical Review Board of the Charité Teaching Hospital,
Berlin, and was conducted in accordance with the Helsinki
Declaration.

Design

This study aimed to explain effects of tablet use on the clinical
routine that were observed in a previous study. It is beyond the
scope of this paper to provide full details regarding the study
design (please refer to [19]). In brief summary, the study was
conducted within groups with oneinterventional and one control
condition. The intervention consisted of tablets equipped with
EMRs that were used in addition to the existing information
system. The latter comprised a conventional paper chart and a
ward trolley with a laptop running a desktop version of the
EMR. We employed a crossover design. Tablet use was for a
period of 7 weeks in total for all participants. Following the
study period, physicianswere administered questionnaires. They
were instructed to anonymously complete and return the
guestionnaires within the space of 1 week by dropping them
into one of the researcher’s postbox. This was done to ensure
full confidentiality of data collection. Five of the devices used
in this study electronically collected usage data from
participants. Tracking data were automatically captured and
subsequently stored on the device.

Tablets

This study used iPads (iPad mini, Apple Inc, Cupertino, CA,
USA) running a mobile EMR (SAP EMR Unwired Version
1.10, SAP AG, Walldorf, Germany). Main features of the
softwareincluded information regarding ward usage, diagnoses,
functional diagnostics, risk factors, laboratory and imaging
results, clinical order status, and patient demographics in
realtime. Vital signsand medication dataremained paper bound
in both conditions. Clinical tasks and progress notes could be
entered and shared with the backend system. However,
physicianswere unableto enter clinical ordersthrough thetablet.
Although tablets were enabled to connect with the Internet,
camerause, the screenshot function, and cloud service usewere
not available. Physicians were only allowed to install apps if
these met data protection requirements as defined by the
information technology department. For data protection, patient
data were not stored on tablets at any time during the study.
Instead, data were saved to a backend that could be accessed
through the tablet’s frontend. To access patient data, users had
to enter asix-digit alphanumeric code to deactivate the key lock
on thetablet. The key lock switched on automatically when the
tablets remained unused for more than 5 minutes. The EMR
sessions timed out after 2 minutes. A second password was
required to access the software.

Participants’ patterns of use within the EMR environment were
electronically tracked and automatically stored through theiOS
debug mode. Following the study period, usage records were
downloaded from the tablets and stored on a computer. The
data on the devices were deleted following data transfer. For
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full confidentiality, the procedure did not allow for establishing
alink between user names and datasets.

Questionnaires

We constructed a survey questionnaire that aimed to examine
users' perceptions of and attitudes toward tablets with mobile
EMRs during the workday. Before administering the
guestionnaire, content validation was obtained through a
preliminary study with three physicians. Following a thorough
revision process, the questionnaire was modified for clarity.
Physicians who had participated in the preliminary study were
excluded from subsequent data collection. The questionnaire
contained a total of 57 items including six categorical, five
open-ended, and 46 5-point Likert scale questions. To control
for data validity, 30 items were reverse scored. We used
traditional 5-point Likert scales throughout the questionnaire.
Scale levels were designed as follows. For normally scored
items, 1 indicated a clear improvement, 2 reflected a moderate
improvement, whereas 3 indicated no detectable effects.
Accordingly, 4 and 5 reflected a moderate or clear change for
the worse, respectively. For reverse-scored items, an inverse
order of ratings applied (1=clear change for the worse, 5=clear
improvement). Physicians were explicitly asked to respond to
questionsregarding work processesthat involved tablet useand
to provide feedback on how the tablets impacted their clinical
routine (eg, Location-independent data access improved the
doctor-patient interaction. 1=strongly disagree; 2=disagree;
3=neutral; 4=agree; 5=strongly agree).They were also asked to
state their attitudes toward the tablets (eg, What isyour favorite
documentation tool during ward rounds? 1=paper chart; 2=ward
trolley with laptop; 3=tablet). Response scales were designed
to specifically comprise different dimensions of tablet use,
including perceived overall efficiency of the tablet, satisfaction
of data retrieval with the tablet, and genera satisfaction with
the device. The questionnaire also required participants to
provide basic demographi ¢ data such as age, occupational group,
attitude toward novel technologies, and gender. Open-ended
guestions provided the opportunity for physicians to leave
individual comments of a more general nature (eg, Are there
any further aspects in the context of tablet use that you would
like to comment on?). A copy of the questionnaire is provided
in Multimedia Appendix 1.

Statistics

All quantitative data analyses were carried out using SPSS
Statistics version 22 (IBM Corp, Armonk, NY, USA).
Confidence intervals for 5-point Likert scales were calculated
through a bootstrap resampling procedure. A nonoverlap of
95% confidence intervals between the sample's mean and the
mean val ue of the response scaleindicated asignificant finding.
Also, a sample's mean value was, by definition, significantly
different from any single value if the single value was not
included in the confidence interval. For example, if one used a
5-point Likert response scal e with the response options 1=much
better, 2=better, 3=neutral, 4=worse, and 5=much worse to test
whether graphical content was better accessible through tablets
than via common computers, then any confidence interval with
alower and an upper margin below the mean value of the scale
“3" would indicate asignificant finding (eg, 95% Cl 2.23-2.84)
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infavor of thetablet. However, any overlap with the mean value
(eg, 95% CI 2.81-3.42) would indicate anonsignificant finding,
whereas any confidence interval with a lower and an upper
margin greater than 3 would significantly indicate that graphical
content was more conveniently accessed through common PCs.
We chosethis specific procedure because bootstrapping provides
more detailed statistical information than P values[22]. Limited
space required a careful selection of which questionnaire items
to include in this section. Thus, we decided to only include
significant findings at this point. Means are reported along with
the upper and lower margin of their 95% confidence interval.
Reverse-scored items are indicated as such.

We further ran a multivariate analysis to identify factors that
predicted physicians satisfaction with the tablets. Outcome
variables used in this context were “preferred way of
documentation,” “motivation regarding future tablet use,” “did
the tablet pose a useful extension to the current gold standard,”
and “overall satisfaction with the tablet.”

Tracking data were analyzed using Matlab (MATLAB 2008b,
Mathworks, Natick, MA, USA). Tablet functions were
automatically pooled in categories (eg, reports from diagnostic
procedures such as ultrasound and electrophysiology were
categorized as “documents’). We then analyzed the access
frequencies for each category.

Results

Survey Questionnaire

All participants completed and returned the questionnaires,
resulting in atotal of 14 datasets that were included in the final
analysis (see Figure 1 for a graphical summary of results).
Bootstrapping indicated that participants perceived dataretrieval
to be accelerated through tablet use (mean 2.31, 95% ClI
1.85-2.77). More specifically, they felt that looking up patient’s
room numbers (mean 4.00, 95% Cl 3.55-4.45, reverse ordered),
laboratory results (mean 4.00, 95% Cl 3.64-4.36, reverse
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ordered), neurological function diagnostics (mean 3.91, 95%
Cl 3.45-4.36, reverse ordered), microbiology (mean 3.73, 95%
Cl 3.36-4.09, reverse ordered), emergency department referral
forms (mean 3.82, 95% CI 3.36-4.27, reverse ordered), and
other clinical evidence (mean 3.45, 95% Cl 3.18-3.72, reverse
ordered) required less time when using a tablet.

The retrieval of graphical material also received high ratings
throughout the questionnaire. According to the participants
responses, x-rays (mean 4.00, 95% Cl| 3.64-4.36, reverse
ordered), computed tomography images (mean 4.00, 95% CI
3.64-4.36, reverse ordered), and magnetic resonance imaging
(MRYI) images (mean 4.00, 95% Cl 3.64-4.36, reverse ordered)
were all accessed quicker through tablets. Physicians further
reported high degrees of satisfaction with the way radiological
evidence was presented on the tablet (mean 4.34, 95% CI
4.00-4.64, reverse ordered). Both x-rays (mean 4.14, 95% Cl
3.79-4.50, reverse ordered) and MRI images (mean 3.79, 95%
Cl 3.07-4.36, reverse ordered) received significantly positive
ratings. Tablet representation of clinical evidencewithout image
data was also perceived as positive (mean 3.71, 95% CI
3.14-4.21, reverse ordered). Participants further felt that
preparing (mean 2.26, 95% CI 2.31-2.85) and conducting (mean
2.69, 95% Cl 2.46-2.92) ward rounds required lesstime with a
tablet. They also stated that tablet use streamlined clinical
workflow when carrying out ward rounds (mean 2.31, 95% ClI
2.08-2.54). Furthermore, physicians reported improvements
when discussing clinical evidence with colleagues (mean 2.23,
95% CI 1.85-2.62) and patients (mean 2.15, 95% CI 1.85-2.46)
due to tablet use. Another perceived benefit of the tablet
consisted in location-independent up-to-date access to patient
data (mean 4.00, 95% Cl 3.36-4.57, reverse ordered). Results
further indicated that tablet use was generally viewed asauseful
extension of the current gold standard (mean 2.29, 95% CI
1.79-2.86). Physicians showed high degrees of motivation to
use tablets during future ward rounds (mean 2.21, 95% ClI
1.86-2.64).
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Figure 1. Summary of the survey data representing mean values of participants’ responses (dots) along with their 95% confidence intervals (bars).
Colored dots: statistically significant at a=.05; gray dots: nonsignificant result; green dots: improvement through tablet use; red dots: no improvement

through tablet use.

impact on the quality of daily procedures
ward round performance -
currentness of data —_——
discussion with colleagues - —

discussion with patients ——]

documentation (diagnostic procedures) i
documentation (clinical course) ——

impact on access to medical and case information
looking up room numbers —
looking up lab results ——
neurological function diagnostics —
non-neurological function diagnostics -
microbiology test results _—
emergency referral forms —
imaging reports —

length of stay —
insurance status - =
diagnosis - -
medical history —o
consultation reports — —

data retrieval in general ——

[rating score]
1 2 3 4 5

favors mobile EMR favors gold standard

Subjective Time Savings

Average estimates of the tablet’s effect on timerequired to carry
out clinical work processes were as follows. Participants felt
that time savings during preparing (4.8 minutes), conducting
(6.5 minutes), and postprocessing ward rounds (0.8 minutes)
were achieved through tablet use. They further estimated that
data retrieval via tablet saved approximately 9.6 minutes per
workday.

Open Questions

Six participants stated that the opportunity to enter clinical
orders directly through the tablet would pose a desirable
additional feature. Yet tablets in our study did not provide this
function. Five participants stated that discharge reports should
be accessible via tablet. Two participants criticized the
time-consuming log-in procedure. Further comments included
a positive feedback regarding tablet size and the suggestion to
make the camera function available for clinical use (eg, to
monitor muscle atrophy).

Further Items

The question: “What documentation tool (s) do you prefer during
ward rounds?’ yielded the following responses. trolley with
laptop plus tablet (n=2), tablet (n=3), paper chart plus trolley
with laptop (n=2), and trolley with laptop (n=1). One participant
stated that he or she had no clear preference, whereas two
participants did not answer the question.

Predictorsfor Tablet Use

Demographic data showed 10 participants were interested in
novel technologies, whereas four participants stated that they
were not concerned with novel technologies. A multivariate
analysisyielded that interest in novel technologies (F, 1,=7.17,
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P=.04) posed a positive predictor regarding participants
perceptions of the tablet asauseful extension to the established
medical information system. The variable occupationa group
(F1,11=10.54, P=.02) was also a significant predictor in this
context with residents rating the device more positively than
consultants. The variable age (P=.21) did not significantly
impact on the outcome variable “did the tablet pose a useful
extension to the current gold standard,” but it was a predictor
of motivation regarding further use (F3;,=3.54, P=.04) with
physicians younger than 40 years of age showing higher
motivation. However, none of the other predictors (ie, age,
occupational group, interest in novel technologies) were
significant regarding the preference for certain documentation
tools, motivation for future tablet use, and overall satisfaction
with devices.

Tracking Data

A total of 732 data points were collected through automatic
electronic data capturing. Figure 2 displays an overview of the
tracking data results. Log-ins failed in 16% (10/62) of the
recorded cases. Log-outs were recorded for 6% (3/52) of the
sessions only. The remainder of the sessions were logged out
automatically after the session had timed out (94%, 49/52). In
addition to the navigation, log-in, and log-out procedures, the
most frequently accessed features were looking up laboratory
results (38.9%, 98/252), imaging data (11.1%, 28/252), and
function diagnostics (10.3%, 26/252). Functionsthat wererarely
(<1%) used or not accessed at all included task interaction (eg,
sending tasksto acolleague), checking the medical history, and
using supplementary features such as drug information and the
built-in Web browser. The remainder data points represented
subfunctionswithin functions (eg, use of toolsto display trends
of laboratory results) and were thus not included in the analysis.

JMIR Mhealth Uhealth 2016 | vol. 4 | iss. 2 |€70 | p.159
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

AsFigure 2 illustrates, laboratory results, viewing documents,
and imaging made up alarge share of total use. Interactivetools
designed to foster communication among doctors or to create
personal notes were used less frequently. Specific software

Duhm et al

training may encourage users to exploit the full potential of
these features. Thefigure also displays a high number of failed
log-ins (approximately 15% of total software access).

Figure 2. Summary of electronic data tracking illustrating access frequencies of the software features. Only features that made up a minimum of 1%
of total tablet use are displayed. Circle size represents proportional access frequencies of software features in relation to one another. Arrows show
connections of software features within the electronic medical record menu.

log-in

patient
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personal
tasks

personal
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failed set favorites
patient
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Discussion

The aim of this study was to better understand physicians
attitudes toward and preferences for tablet use within an
inpatient setting. To our best knowledge, this is the first study
that investigated physicians perception of tablets running an
EMR in an inpatient environment and in the context of proven
objective benefits [19]. Results indicate high degrees of
satisfaction with the devices among physicians along with a
strong motivation to use tablets in the future. Participants felt
that tablets allowed for quicker accessto patient data. They also
valued the mobile access to patient data and were contended
with the way data were presented on the tablet. In line with the
literature (eg, [21]), physicians reported that tablet useimproved
physician-patient interaction and streamlined clinical workflow.
The latter also became evident due to perceived time savings
as aresult of tablet use. A novel finding from this study was
that tablet use also improved interaction between physicians.

Overall results from this study add on to the growing body of
evidence indicating that physicians view tablets as clinically
useful [16,21,23]. The survey aso provides novel evidence for
the perceived value of tablets within an inpatient setting. This
finding is of great importance because previous studies only
examined the issue within emergency departments [21,23] or
at a rural practice [16]. However, we aso found that novel
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features of mobile EMRs that extend functionality beyond that
of classic paper charts or laptops were rarely exploited.

Underestimation of Objective Time Savings

In our study, physicians positive perception of tablet use
resulted largely from the device's potential to expand and
improve access to medical data. One of the main perceived
benefits was faster data retrieval through tablet use. Thisisin
line with previous research suggesting that fast access to the
required data plays a key role in enhancing physicians
motivation to use tablets [15]. At this point, however, it is
important to note that subjectively perceived time savings in
this study were largely congruent with objective time savings
that were measured in the context of quantitative evaluations
[19]. Although physicians estimated that tablet use saved
approximately 10 minutes of time over the entire workday in
connection with data retrieval, objective measurementsyielded
that physicians required approximately 1 minute less for
checking a patient’s medical record during ward rounds when
using atablet [19]. Given that physicians on the study ward saw
approximately seven patients each during their daily ward round,
these estimates appear to be somewhat precise.

However, physicians' estimates regarding time savings within
the context of ward round duration wereless accurate. Although
they felt that tablet use saved only 4.8 minutes during
preparation and 0.8 minutes during the postprocessing of ward
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rounds, objective time records that were obtained through
self-monitoring and direct observation indicated time savings
of 20 minutes and 15 minutes, respectively (for full details, see
[19]). Similarly, physicians' average estimate of conducting
ward rounds differed substantially from the actual times;
participants perceived time savings of 6.5 minutes per ward
round, but the time required to carry out ward rounds remained
unaffected by tablet use. However, it should be noted that
conducting ward rounds was more effective in the presence of
atablet because time savingsin the context of checking medical
data led to prolonged patient-physician interaction. It remains
unclear why physicians were misled in regards to perceived
time savings. However, considering the tight schedule of the
clinical routine, one obvious conclusion to draw from these
results is that perceived time savings played a major role in
enhancing physicians’ motivation regarding future tablet use.

User Satisfaction

Another important insight provided by this study was the high
degree of satisfaction among physicianswith theway datawere
presented on the tablet. Previous research suggests that data
presentation impacts significantly on physicians’ motivation to
use EMRs [15]; however, the previously mentioned finding
offers an intuitive explanation about why physicians in this
study felt that tablet use improved physician-patient interaction.
Previous studies yielded that physicians value the quick and
easy way to share medical information with patients as provided
by tablets [16,21]. In accordance with these findings, results
from our previous study showed that tablet use led to a mean
increase of time spent at the bedside of 1 minute per patient
encounter [19]. Itisplausible that mobile data access encouraged
physicians to share medical information over the device with
patients, which may explain the increase in time physicians
spent at the bedside. This may then have impacted positively
on the physician-patient interaction because one determinant
in patient satisfaction appears to be the amount of time patients
spend with their physician [24].

Demand for Further Development

However, despite the largely positive feedback in the main
aspects of this study, participants also highlighted some
limitations of the tablets. In line with previous studies [16],
there was a clear demand for additional apps and functions to
further enhance the benefit of tablets. Particularly, our sample
wanted the opportunity to enter clinical ordersthrough the tablet
and a simpler log-in procedure. The latter appears to be of
greater practical relevance considering that tracking data
revealed a large number of failed log-ins. Fingerprint log-in
appears to be a suitable alternative in this context because this
would grant an easy, less time-consuming log-in. There were
also alarge number of failed log-outs, which may spark security
concerns regarding clinical tablet use at first sight. However,
all participants were instructed to adhere to the strict code of
data protection relevant in the context of this research project
at all times. They wereinstructed not to |eave tabl ets unattended
at any point and to store devicesin their coat pocket when not
in use. The fact that the device remained in a safe place when
unused provides a plausible explanation why physicians relied
on the auto log-out function in the majority of the recorded
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cases, which made a manual log-out technically redundant.
Further limitations are discussed subsequently.

Exploiting the Full Potential

The software provided atotal of 68 functions. However, tracking
data yielded that the physicians accessed only 15 functions
frequently (more than five times during the study period). These
predominantly included looking up medical evidence and
especialy laboratory results. Accordingly, feedback on this
particular dimension was largely positive. The sparse use of
tablets for clinical documentation might have been because
appropriate functions were not fully available on the devices.
The tablet’s software lacked the opportunity to enter clinical
orders. Although users could enter personal notes, it was not
possible to edit these or to delete outdated notes on the device
once they were saved to the system. This could only be done
through a desktop workstation. In addition, users might have
perceived it as difficult to enter information via a digital
keyboard. Therefore, they may have preferred the physical
keyboard provided by the laptop that was available throughout
the study for a more common keyboard experience. It appears
plausible that such shortcomings might have impeded users
motivation to use thetablet for documentation purposes, leading
to a mainly negative perception of the device in this regard.
Functions that were also rarely used included the opportunity
to create notes and to share these with colleagues. Yet usersdid
not provide feedback on why they neglected these functions.
Feedback regarding unused functions was neutral throughout;
therefore, one plausible explanation is that participants were
unaware of these functions or their potential. Comprehensive
training sessions including practical examples might help
physicians to explore the full potential of the tablets.

Limitations

One obvious limitation of this study is the fact that the
physicians were free to return to the gold standard whenever
they wanted to. Therefore, it cannot be ruled out that tablet use
wasrestricted to occasionswhen the physiciansfelt that it would
be convenient to use the device. Hence, the study design does
not allow us to draw conclusions about whether tablets have
the potential to replace the current medical information system.
We can only establish that tablets were perceived as a helpful
extension to the current gold standard.

Another limitation was the restricted scope of the available
functions. In the context of our study, physicians primarily used
the tablet as a mobile information system. Thus, it remains
unclear how physicianswould have reacted to the deviceif they
had the opportunity to enter clinical orders viathe tablet.

This study was also limited by the fact that the degree of
practical work varied among participants. More specifically,
our sample represented arange of user behaviors depending on
the occupational group. Therefore, results provide only limited
insight into the specific requirements of distinct user subgroups.
Finally, this study was conducted at a single institution with a
limited number of participants and results from this study might
not generalize to other hospitals and other medical disciplines
(conservative vs surgical).
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Conclusion and Per spective

This is the first survey providing evidence that physicians
perceive the use of tabletsasclinically useful within an inpatient
setting. These findings may have potentially wide-ranging
implications. High degrees of motivation to further use tablets
among physicians a ong with well-documented time savings as
a result of tablet use during the clinical routine constitute
promising preconditions for further clinical use of the devices.

Duhm et al

Software improvements and comprehensive training sessions
on the device appear necessary to encourage users to exploit
the full potential of the tablets. However, to gain a more
profound understanding of thetablet’s potential benefits, further
studies at different ingtitutions involving heath care
professionals from disciplines other than neurology will be
necessary. In this context, future research should also aim to
investigate how physiciansrespond to tablets as documentation
tools.
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Abstract

Background: The current landscape of arapidly aging population accompanied by multiple chronic conditions presents numerous
challenges to optimally support the complex needs of this group. Mobile health (mHealth) technol ogies have shown promisein
supporting older personsto manage chronic conditions; however, there remains adearth of evidence-informed guidance to develop
such innovations.

Objectives. The purpose of this study was to conduct a scoping review of current practices and recommendations for designing,
implementing, and evaluating mHealth technol ogies to support the management of chronic conditions in community-dwelling
older adults.

Methods: A 5-stage scoping review methodology was used to map the relevant literature published between January 2005 and
March 2015 asfollows: (1) identified the research question, (2) identified relevant studies, (3) selected relevant studiesfor review,
(4) charted data from selected literature, and (5) summarized and reported results. Electronic searches were conducted in 5
databases. In addition, hand searches of reference lists and a key journal were completed. Inclusion criteria were research and
nonresearch papers focused on mHealth technol ogies designed for use by community-living older adultswith at least one chronic
condition, or health care providers or informal caregivers providing care in the home and community setting. Two reviewers
independently identified articles for review and extracted data.

Results:  We identified 42 articles that met the inclusion criteria. Of these, described innovations focused on older adults with
specific chronic conditions (n=17), chronic conditions in general (n=6), or older adults in general or those receiving homecare
services (n=18). Most of the mHealth solutions described were designed for use by both patients and health care providers or
health care providers only. Thematic categoriesidentified included the following: (1) practices and considerations when designing
mHealth technologies; (2) factors that support/hinder feasibility, acceptability, and usability of mHealth technologies; and (3)
approaches or methods for evaluating mHealth technologies.

Conclusions: Thereislimited yet increasing use of mHealth technologiesin home health care for older adults. A user-centered,
collaborative, interdisciplinary approach to enhance feasibility, acceptability, and usability of mHealth innovationsisimperative.
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Creating teams with the required pools of expertise and insight regarding needs is critical. The cyclical, iterative process of
developing mHealth innovations needs to be viewed as a whole with supportive theoretical frameworks. Many barriers to
implementation and sustainability have limited the number of successful, evidence-based mHealth solutions beyond the pilot or
feasibility stage. The science of implementation of mHealth technol ogiesin home-based care for older adults and self-management
of chronic conditions are important areas for further research. Additionally, changing needs as cohorts and technol ogies advance
are important considerations. Lessons learned from the data and important implications for practice, policy, and research are

discussed to inform the future devel opment of innovations.

(JMIR mHealth uHealth 2016;4(2):€29) doi:10.2196/mhealth.5127

KEYWORDS

Telemedicine; Mobile health; Health Plan Implementations; Evaluation Studies as Topic; Design; mHealth Innovations; Frail
Elderly; Older Adults, Multiple Chronic Conditions; Home Care Services, Scoping Review; Communication; Information

Communication Technologies

Introduction

Asdeveloped countries populations age and associated chronic
health conditions increase, alternatives to hospital and
institutional care are needed. The United Nations estimated that
by 2050, the world population of older adults over 60 yearswill
have doubled, while the age group over 80 will have tripled
from 2013 statistics [1]. In 2013, seniors represented 15.3% of
Canada's population; by 2056, one quarter of Canada's
population will be over 65 yearsof age[2]. Interest in supporting
older adults with chronic conditionsto stay in their own homes
rather than moveto institutions hasincreased [3]. Consequently,
understanding whether mobile health (mHealth) technologies
can help to support older adults stay in their homes through
improved self-management and increased home care provider
efficiency is a priority area of policy development. Given
continuous improvements in technologies, it makes sense that
mHealth may enhance health care delivery by improving
dimensions such as communication, collaboration, and use of
evidence-based guidelines for care of older adults with chronic
conditions. Although mHealth and technology innovations are
rapidly developing, research to guide practice and policy inthis
arenaisstill initsinfancy. The purpose of this paper isto present
ascoping review of theliterature pertaining to mHealth solutions
intended to address the needs of older adults living at home
with chronic conditions. This paper will add further insight into
best practices for designing, implementing, and evaluating
mHealth solutions for older adults living in their homes and
those who carefor them (professional and informal caregivers).

Itis estimated that approximately onein four older adults have
two or more chronic conditions and half of older adults (= 65
years) have three or more (ie, heart disease, diabetes, arthritis,
chronic lower respiratory tract disease, stroke, chronic
obstructive pulmonary disease [COPD], dementia, and
hypertension) [4-9]. To manage chronic conditions more
effectively, researchers and policy makers have promoted patient
and family-centered home-based health care, founded on
interprofessional and community-based partnerships [10-15].
Consequently, there is a push to incorporate novel ideas for
empowering older adults and their caregivers to manage their
own conditions and to foster communication among the circle
of care[16-19].

http://mhealth.jmir.org/2016/2/e29/

The field of mHealth, as defined by the World Health
Organization (WHO) [20] is the “medical and public health
practice supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants, and other
wirelessdevices’ (p. 6). The growing appeal of mobile solutions
for health promotion and health care delivery can be attributed
in part to the accessibility of the technology, the level of
personalization that technol ogy enables, val uabl e location-based
services, and timely access to information through data, voice,
and/or video media[21]. Severa studies have piloted mHealth
interventions for managing chronic conditions such as diabetes
[22-25], COPD [26-28], Alzheimer’s/dementia [29-31], and
osteoarthritis [32,33]. Findings from these studies indicate that
the use of mHealth interventions has the potential to support
successful management of chronic conditions and health
behavior change in the areas and systems studied through the
following: (1) improving patient self-monitoring and
management [34,35], (2) building socia networks for patients
[36,37], (3) informing health care professionals of patients
hedlth status[37,36], (4) providing indirect feedback interactions
[38,39], (5) tailoring care and education to patient needs[40-42],
and (6) improving communication among heath care
professionals [43,44]. It is anticipated that this list will
perpetually expand considering the recent momentum of
mHealth innovation.

Despite these promising opportunities, the current literature
supporting the use of mHealth primarily includes pilot and/or
feasibility studies [45]. Large-scale trials and information on
best practices for the design, implementation, and evaluation
of such technology are limited. A recent survey by the WHO
found that only 12% of member states reported evaluating
mHealth services and that little was known about how to
effectively evaluate such solutions [20]. Concerns related to
data security, technology literacy levels of potential end-users,
and other key issues highlight the importance of considering
the overall architecture of the mHealth system and the context
inwhichitwill beused. Asaresult, thereisaneed for evidence
to inform the successful research and development of mHealth
solutions and to garner an improved understanding of the key
elements and fundamental components of designing,
implementing, and evaluating successful mHealth applications
for managing chronic conditions associated with a
community-dwelling aging population [20,46]. A scoping review
of the literature is presented as a fundamental first step to
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understanding the current practices, state of knowledge, and
evidence to inform future directions. As per the convention in
conducting scoping reviews [47], this paper does not
systematically evaluate the methodological rigor of included
studies.

Methods

Study Design

The purpose of scoping reviews includes comprehensively
synthesizing evidence to map a broad, complex, or emerging
field of study and to identify gaps with the intent to inform
practice, policy, and future research [47]. A scoping review
methodology was chosen as atool for systematically mapping
and disseminating the breadth of research available to address
the broad, complex, and novel research question, “What are the
current practices and recommendations for designing,
implementing, and evaluating mHealth solutions to support
older adults with chronic conditions living in their homes?’
More specifically, this review considers solutions that enable
carerelated communication, information sharing, and
information access for older adults and those involved in the
care of older adults with chronic conditions living in their
homes. This includes technologies intended for use by health
care providers (HCPs), family, significant others, and friends
involved in care, as well as older adults themselves. HCPs
include all health professionalsaswell as unregulated providers
such as personal support workers. Thisreview, asisappropriate
with ascoping review methodol ogy, encompasses abroad range
of study designs and varied contexts including different
countries, communities, technol ogies, implementation milieus,
and chronic conditions/stages without separating those with
single conditions from those with multiple chronic conditions.

To complete this scoping review, we followed the five-stage
framework developed by Arskey and O’ Malley [47] and further

Textbox 1. Scoping review keyword search strategy

Matthew-Maich et al

defined by Levac, Colquhoun, and O’'Brien [48]. The stages
include: (1) identification of the research question, (2)
identification of relevant studies, (3) selection of relevant studies
for the review, (4) charting information and data from the
selected literature, and (5) summarizing and reporting the results
of the review.

I dentification of the Research Question

The research question was identified from a preliminary scan
of the literature and drawing on the expertise of the research
team and several stakeholders. Rationale for the question arose
from the lack of existing consensus in the academic literature
on designing, implementing, and evaluating mHealth solutions
in community-based settings, specifically asit pertainsto older
adults living at home with chronic conditions.

Identification of Relevant Articles

The team collaboratively planned and implemented a search
strategy to identify relevant literature that was specific to
mHealth solutions targeting chronic conditions and
community-based care of older adults. Keywords and related
subject headings were identified in consultation with research
librarians in order to capture a comprehensive list of potential
sources. Keywords were identified and combined to address
three components of the research question: (1) mobile or
electronic devices, (2) technology-based health care delivery,
and (3) an aging popul ation and/or chronic conditions (Textbox
1). Keywords were searched using Boolean operators. The
databases used to locate the relevant literature were the
following: Cochrane Library, Embase, Psychinfo, Medline, and
CINAHL. Databaseswere searched for English language articles
published between January 2005 and March 2015. In addition,
reference lists were searched and akey journal hand search was
completed (Journal of Medical Internet Research). Only articles
published in peer-reviewed scientific journal s were considered
for review.

Mobile/Electronic Device

o  Cellular Phone, Mobile Phone, PDA, Smartphone, Tablet

Mobile Health/Telehealth

Condition/Population

«  Computer interface, Design, eHealth, Human factors, Implementation, Integration, mHealth, Mobile Health, Telecare, Telecommunication,
Telehealth, Telemedicine, Usability, User-centred design, User-friendly

«  Cerebrovascular Accident, Chronic Disease, Community, Disease Management, Health Program, Health Service, Healthcare Delivery, Home
care, Inter-professional, Point-of-care, Quality of Life, Rehabilitation, Rehabilitation Care, Reintegration, Stroke

Sdlection of Relevant Articlesfor the Review

Two reviewers independently searched the titles and abstracts
of the retrieved literature. Conflicts were resolved by a third
reviewer and through team consensus. Inclusion criteria were
mHealth technologiesfocusing on at least one of the following:
(2) chronic conditions associated with aging populations, (2)
HCPs providing home care, and/or (3) older adults living at
home and/or their informal caregivers. Research articles using

http://mhealth.jmir.org/2016/2/e29/

different methodol ogies (qualitative, quantitative, and systematic
reviews) as well as theoretical papers were included and all
papers had to be in English. The exclusion criteria were the
following: (1) mHeath solutions being used for
diagnostics/imaging, acute care, body and environment
monitoring or support devices, or robotics; (2) technology
pertaining to healthcare in developing countries; and (3)
non-English language publications. Methodological quality of
the published articleswas not acriterion for exclusion/inclusion.
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Thisenabled theinclusion of abreadth of knowledge pertaining
to the research question, as is consistent with scoping review
practices [47-49].

Articles that potentially met inclusion criteria through abstract
review were reviewed in full by team members. Meetings were
held regularly to discuss reviewers decisions specific to the
inclusion and/or exclusion of articles. Both inclusion and
exclusion criteria were revised as the search evolved, in order
to best address the research question. Under the final revised
criteria, only articles pertaining to older adults (>50 years old)
with one or more chronic conditionsliving in their homes were
included.

Charting, Summarizing, and Reporting the Results of
the Review

A descriptive-analytical narrative method was used to extract
and chart the data from the selected articles [47-49]. Using the
same process of team consultation, data from the selected
articleswerefirst extracted onto adata charting form devel oped
by the research team using an iterative process. Charts were
used to collate, summarize, and share data for team review and
decision making. Data entered included the following: authors,
year of publication, purpose of the paper/study and innovation,
study location and context (setting, end-users of innovation),
study design, outcomes measured, main findings, and lessons
learned. A coding scheme (framework) was created under four
thematic categories. (1) design and development, (2)
implementation, (3) evaluation, and (4) risks and benefits. Full
articles were imported as pdf files into NVivo 10, a software
program for qualitative analysis, for more detailed data
extraction and coding. The authors applied the coding scheme
to al pertinent text, and then further coded the data under
emergent themes using an iterative process.

Results

Selection and Char acteristics of Source Documents

Intotal, 1021 published articleswereidentified in the database
search (Figure 1) and of these, 811 were excluded based on a

http://mhealth.jmir.org/2016/2/e29/
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review of titles and abstracts. Of the remaining 210, another
183 including 29 duplicates were excluded through independent
review followed by team reviewer consensus, leaving atotal of
27 articles. Ten more articles found through reference list
reviews plus 5 articles found through a manual search of a key
journal (Journal of Medical Internet Research) were accepted
after applying inclusion/exclusion criteria. A total of 42 sources
wereincluded in this review.

Of the 42 studies included (Table 1), 9 were from the United
States, 5 from Canada, 5 from the United Kingdom, 6 from
Scandinavian countries (Denmark=3, Norway=1, Finland=1,
Sweden=1), 3 from the Netherlands, 4 from Australia, 2 from
New Zealand, 4 from East Asia (South Korea=1, Japan=1,
Taiwan=2), and 1 each from China, Italy, Belgium, and Poland.

Seven of the selected articleswere theoretical papers (discussion
and position papers). Four were descriptive reports of existing
interventions, and 3 were case studies describing processes of
mHealth implementation. Two articles described predictive
modeling techniquesfor screening patientsin use of technol ogy.
Three qualitative descriptive studies dlicited opinions concerning
mHealth. There were 13 papers in which mHealth solutions
were evaluated; 6 controlled trials, 3 mixed-methods studies,
and 4 qualitative studies. Three studies were cross-sectional
surveys, 3 were systematic or scoping reviews, 2 were methods
papers, and 1 paper focused on simulation.

Of the 42 articles, 17 focused on ol der adultswith single chronic
conditions: diabetes (n=4), stroke (n=5), heart condition (n=4),
COPD (n=1), and dementia or cognitive impairment (n=3). Six
articles involved older adults with any chronic condition or
multiple chronic conditions. Conditions were not specified in
18 articles, in some casesreferencing older adults (n=5) or home
care patients (n=6) and caregiver burden (n=1).

Themajority of mHealth solutions described were designed for
use by both patients and HCPs (n=19), followed by HCPs only
(n=7), patients only (n=5), caregivers, patients, and HCPs (n=4),
and patients and caregivers (n=3); one mHealth solution was
targeted exclusively at family caregivers. The remaining 3
articles were nonspecific.
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Table 1. Review article characteristics.

Article Location Article Typeof Article/ Study De-  Condition Innovation Innovation End-

Typea S gn users
Alpay et al (2010) Nether- 1 Discussion paper NSP eHealth patient empowerment Patients
lands [88]
Bujnowska-Fedak & 4 Cross-sectional survey NS Internet usefor health by older adults  Patients
Mastalerz-Migas (2015)
Poland [82]
Barakat et al (2013) USA 2 Qualitative descriptive NS eHealth competencies /HCP  work-  HCP
(67] shop participants
Blake (2008) UK [90] 1 Discussion paper Chronic disease Mabile technology for monitoring & Patientsand HCP

health promotion
Bod etal (2013) USA[89] 2 Predictive modelling NS HCP screening for medication compli- HCP
ance at home

Bouloset a (2011) UK 1 Discussion paper NS Moabile phones and app technology ~ Caregivers, pa-
[53] for mHealth tients and HCP
Chaneta (2012) Audtrdia 2 Descriptive report Diabetes Web-based SMSY /mobiletermina ~ Patientsand HCP
[76]
Chiang et a (2012) Tai- 3 Nonrandomized quasi- ex- Caregiver burden Telemonitoring/phone counseling Caregivers
wan [59] perimental design
Chumbler et al (2012) 3 Single-blind RCT® Stroke Text messaging, phone, homevisits  Patientsand HCP
USA [84]
Cicolini et al (2014) Ity 3 RCT cvof Text messaging reminders Patientsand HCP
[56]
Daleet a (2014) New 3 Mixed-methods survey; CvD Mabile phone & Internet system Patientsand HCP
Zedland [77] Pre-post test pilot
Eland-de-Kok et al (2011) 5 Systematic review NS eHeath vs usual home care Patientsand HCP
Netherlands [91]
Esser & Goossens (2009) 1 Literature review/ NS User-centered design framework Patientsand HCP
Netherlands [62] theoretical

Forducey et al (2012) USA 3 Controlledtrials(2random-  Cognitive impair- Telehealth: text messaging, video- Caregivers, pa

[54] ized, 1 not) (pilot studies) ment phone, phone tients and HCP
Hall etal (2012) USA [78] 1 Discussion paper NS Telemedicine and mHealth for older  Patients
adults

Hebert et al (2006) Canada 1 Implementation decision  Diabetesand chronic  Telecare implementation Patientsand HCP
[65] framework diseases
Huang & Hsu (2014) Tai- 3 Quialitative pilot NS Socia networking & telehealth; Caregivers, pa
wan [58] tablets tients and HCP
Huijbregts et a (2009) 3 Mixed methods Stroke Telehealth delivery system Patientsand HCP
Canada [85]
Joubert et al (2013) Auss 5 Literature review Stroke Telestroke Patientsand HCP
tralia[55]
Kim et a (2012) South 3 Quasi-experimental design  copp9 uHealth devices (monitoring, educa- Patientsand HCP
Korea[42] intervention study tion/home visiting)
Malinowsky et a (2014) 3 Case control Cognitive impair- Tech screening tool Patients
Sweden [57] ment
May et d (2011) UK [87] 2 Quialitative descriptive Chronic disease Telecare implementation Caregivers, pa

tients, and HCP

/managers
McCullugh et a (2013) 2 Casereview NS Telehealth evaluation framework Patientsand HCP
UK [51]
Nielsen & Matthiassen 2 Case study NS mHealth implementation and home NS
(2013) Denmark [73] care
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Article Location Article Typeof Article/ Study De- Condition Innovation Innovation End-
Type? sign users

Nielsen& Mengiste(2014) 2 Case study NS Mobile health diffusion (social world NS

Denmark [72] theory) and home care

Nundy et al (2012) USA 3 Quialitative descriptive pi- Diabetes Text messaging with follow-up Patientsand HCP

[52] lot

Nyborg et al (2013) Den- 2 Descriptive report NS Mabile phone for nursesand home  HCP

mark [64] care

Pandey et al (2013) USA 4 Cross-sectional survey Stroke Moabile phones and app technology ~ Caregivers and

[61] patients

Paré et a (2011) Canada 3 Mixed methods NS L aptop computer software and home HCP

[74] care

Saywell et al (2012) New 6 Study protocol/mixed Stroke Telerehab program Patientsand HCP

Zedland [79] methods

Strouliaet al (2012) Cana- 3 Qualitative/ ethnography NS Mobile ICT and home care HCP

da[50]

Townsend et al (2013) 2 Quialitative descriptive Chronic conditions  Ethics of eHealth Caregiversand

Canada [92] (multiple) patients

Van Hoeckeet a (2010) 2 Descriptive report Diabetes and multi-  Web-desktop with PDA interface Patientsand HCP

Belgium [75] ple sclerosis

Varnfield et al (2011) 2 Descriptive report CVD cardiac rehab  Mobile phone and internet video Patientsand HCP

Australia[81] conferencing

Varsi et a (2013) Norway 3 Quialitative descriptive NS I nternet patient provider communica-  Patientsand HCP

[70] tion service

Vuonorvirtaeta (2011) 2 Quialitative descriptive NS TeleHealth compatibility HCP

Finland [80]

Walterset a (2010) Auss 6 Study protocol/RCT CVD cardiacrehab  Mobile phone platform Patientsand HCP

tralia[35]

Wang et al (2014) China 5 Integrative review Chronic disease Mabile phone apps Patients

(71

Yellowlees (2005) USA 1 Position paper/ theoretical NS Principles of successful telemedicine NS

[68]

Zhang et al (2008) Japan 6 Simulation testing NS Mobile phone & Internet; Teleconfer- HCP

[86] encing and home care

Zhang et al (2014) UK 2 Predictive modelling Dementia HCP screening for use of video Patientsand HCP

[60] streaming by patients

Zuman et a (2013) USA 4 Cohort study - samplesur- Chronic conditions mHealth technology for out-of-home Caregivers and

[83] vey caregiving patients

#Type of Article: 1=theoretical, 2=descriptive, 3=intervention study, 4=popul ation/cohort study, 5=review, 6=other
bNS: nonspecific

CHCP: hedlth care providers

dsMS: short message service

®RCT: randomized controlled trial

fCvD: cardiovascular disease

9COPD: chronic obstructive pulmonary disease
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Designing mHealth Solutions

Two thematic constructs emerged from the literature pertaining
to practices and considerationsin designing mHealth solutions:
(1) user-centered design and (2) interdisciplinary/collaborative
team approaches.

Review Findings

Results pertaining to mHealth solutions are organized under 3
phases of development: design, implementation, and evaluation.
Given the iterative and cyclicd nature of designing,
implementing, and evaluating mHealth technologies, these
categories are not discrete entities and inevitably overlap. The User-Centered Design
categorical terms were used to organize the review findings as
commonly presented in the papers reviewed. Each section is
discussed within thematic constructs derived from the analysis
of the selected literature using an iterative process of qualitative
content review.

Recommendations from both research findings and theoretical
perspectives are consistent regarding the need for end-user
design. Multiple examples of end-user design approacheswere
provided within the literature [46,50-52] . End-user engagement
throughout the design and development process guided
researchers and developers in designing solutions to be
acceptable, feasible, and sustainable by fitting within the
end-user’s context [48]. The user-centered approach allowed
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researchers to obtain feedback from patients, caregivers, and
HCPs who will be using the solution to address their specific
needs and ideas, taking into account technology literacy and
personal preferences[50,53-56]. Consideration of technol ogical
literacy and acceptance was particularly important when the
mHealth solution involved older adults with cognitive
impairment [56-58]. Attention to HCP aptitudes and preferences
for technology as well as HCP value-based practices and

Textbox 2. User-centered design features.

Matthew-Maich et al

adherence to patient-centered care were al so deemed necessary
[51,54,58]. Further, mHealth solutions are needed that address
the health and information needs of informal caregiversrelated
to their family member’'s well-being, with reassurances that
health concerns are being managed [54,59-61]. Examples of
design features solicited to support end-user needs and
preferences are presented in Textbox 2.

Software/App Features

«  Graphsdisplaying patient-related trends (ie, glucose monitoring and medication) [58,75,89]

« Notification system, which alerts agencies, case managers, and professionals of specific patient responses that require attention and follow-up

[52,75]

«  Text messages (short message service, SM'S), which contain motivational and educational information aswell asremindersto improve treatment

adherence in chronic diseases [35,71,81]

« Video messaging (patients with dementia) [60]

«  Client management features: scheduling [75], patient record/information access [64,72,83], voice and text messaging [64,73]

« Aidsfor seniors: vision, hearing, memory [53]

«  Patient texting features for reporting health status [76,85]

Hardware/Mobile Devices

«  Mobile devices with large touch-screens and large virtual buttons (vs hard buttons) [53]
«  Mobile phones not requiring end-users to reboot the system frequently; minimizing pop-ups; remote, seamless maintenance [53]

« Lighter tablets with a touch pen to suit the mobility of homecare providers [86]

«  Voiceinput function [58]

«  Cloud computing resources [58]

«  Smartphones and voice-over-Internet protocol software applications (eg, Skype) [78]

Esser and Goossens [62] discuss the need for a user-centered
design framework when designing mHealth solutions to meet
the needs of an aging society, specifically through telemedicine.
Their framework is derived from areview and consolidation of
established frameworks used within the information and
technology industry. The framework promotes patient-provider
interaction as the starting point for design, acknowledging that
“patient-provider consultation is considered to be the most
complex, dueto theinterpersonal relationshipsthat areinvolved”
(p. 33). Other constructs incorporated into their model include
technology acceptance and technology-mediated
communication.

I nterdisciplinary/Collaborative Team Approaches

Reviewed literature consistently reported the use of
interdisciplinary team-based approaches in the process of
designing and developing mHedth solutions. The
interdisciplinary team in thisliterature consisted of technology
experts and health care professionals as well as end-users and
other affected stakeholders[46,51,52]. Theliterature identified
the need for technical experts to work collaboratively in an
iterative design process with patients, caregivers, hedth care
professionals, and key stakeholdersvested in hedlth care delivery
[51,53,63,64]. Collaborative practices enabled the
documentation of a user-accepted yet technically feasible list

http://mhealth.jmir.org/2016/2/e29/

of user requirements. One such example was the inclusion of
features of minimal complexity for end-users, which were still
based on the most advantageous and available technologies for
designing solutions [51]. At the initial stage of design, Esser’s
user-centered design framework recognized the importance of
three forms of input: individual, organizational, and technical
context [62]. This latter statement supports the notion of
multi-stakeholder/ multi-sectoral involvement as a means of
ensuring different stakeholder interests are met [46].

In summary, continued engagement with end-users as well as
collaborative team approaches that encourage multiple
stakeholder involvement, are both essentia in the successful
design and development process for mHealth solutions.
User-centered approaches enable researchers and engineers to
prioritize an understanding of the context in which the solution
will be used by a diverse group of end-users. It also helps to
establish early on the specific app features and hardware
considerations perceived to be acceptable, preferable, and
compatible with the needs of the end-users. Integrating these
features and hardware considerations throughout the design and
development phase of the solution isimperative, asit influences
end-users response, engagement, uptake, and adherence.
Collaboration among stakeholders ensures different interests
are appreciated, and that knowledge transfer between content
and technology expertsis maximized.
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Implementing mHealth Solutions

Threethematic constructs emerged from the literature pertaining
to successfully implementing mHealth solutions: (1) feasibility
in relation to organizational and systems readiness, (2)
acceptability of the mHealth solution, and (3) usability in
relation to the different end-users. These factors were reported
to either facilitate or hinder the implementation of mHealth
solutions.

Feasibility: Organizational and Systems Readiness

The need for health system readinessto adopt mHealth solutions
was highlighted in much of the theoretical literature. At the
institutional level, financial resources, policies, and workplace
cultureall play akey rolein the successful adoption of mHealth
technol ogies[46,65]. Organizational readinessfor adoption was
recognized as a multi-faceted and dynamic construct, essential
for driving change [66]. Compared to most other industries,
health careisrelatively slow to adopt new technology and such
resistance to change has likely contributed to the limited
widespread adoption of mHealth solutions beyond the pilot
phase [51,53,65,67]. The literature refers to the inertia and
resistanceto changethat can exist within organizations[46,65],
further highlighting the importance of a dtrategic
business-focused plan for implementation [68]. The strategic
plan needsto ensure sufficient, sustainable funding for the costs
associated with implementing and maintaining the solution
[46,52,67]. A look to business models for designing long-term
management and support [68] could also inform research studies
and development initiatives, currently limited in scalability
beyond the pilot phase [46,69].

May et al reported how general uncertainties about policiesand
management systems were to blame for the lack of successful
uptake of telecare services [46]. They argue for a systems
perspective based on normalization process theory to ensure
successful mHealth (telecare) implementation. In thisapproach,
all stakeholders are involved during development and
implementation to include the different end-user groups, asare
suppliers/devel opers, policy makers, and health care managers.
Further to this, Herbert et a proposed a decision framework
when implementing telehealth solutionsin chronicillness care,
taking into account factors such as associated disease burden,
health care patterns and resources, evidence of success, and
overal readiness (management, service, and delivery) [65].

A lack of a clear reimbursement schedule was described as a
barrier for clinicians to adopt mHealth technology [54,62,70].
A cohesive implementation team with clear leadership,
ownership, and accountability was recommended to mitigate
these uncertainties and facilitate acceptance by stakeholders.
Further, choosing clinician champions who feel they have
ownership of the system could effectively facilitate user
acceptance within an organization [68]. I nstitutionswere found
to facilitate successful implementation by providing effective,
ongoing technical and professional support to HCPs as end-users
[71]. In the words of Yellowlees, “train, train, and train again”
[68].

The process of adoption and diffusion of an mHealth solution
was reported in a case review from Denmark [ 72]. Adoption of
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telehealth for community-dwelling older adults at a national
level was reportedly triggered by demonstrated successes of a
municipal project that simultaneously met the interests of major
government stakeholderslooking for fiscal efficienciesin health
care delivery. The process was described as rapid diffusion
accepted by government and then driven downward. With
resistance felt at the micro level while local systems and the
workforce adapted, the eventual target of full diffusion was
reached after 10 years. The authors propose a social world
perspective that offers an analysis of the politics of
sociotechnical change applied at the macro (governance and
finance), meso (manager), and micro (end-user) levels of
experience. Their model speaks to differences in cultures and
interests of different professional sectors, emphasizing the need
for health care and technology to find a*“ common vocabulary”
in order to enable successful mHealth implementation.

Acceptability of the mHealth Solution: The End-User
Per spective

Delaysinlocal adoption of mHealth technology were attributed
to top-down approaches that neglect to address the impact on
workload adjustments and practice preferences by the end-user
workforce[72]. Not surprisingly, health care providersworking
in the community were more likely to adopt new technology if
they saw benefitsin terms of professional role support [67,72].
It was not uncommon for health care providersto report negative
perceptions of the solution, specifically viewing it as atool for
organizational micromanagement [72,73]. This perception
significantly reduced their willingnessto adopt new technol ogy.
Generally, the mobil e sol ution was accepted more by HCPsand
patients when it had the capability to be customized to both the
population of interest [74,75], and to individual preferencesand
response needs [52]. For example, when end-users associated
automated alert messaging with responsive follow-up, they
reported higher interest in engaging with the solution [52].
Studies have reported on the unique qualities of using mobile
interfaces for health care purposes [58]; when information was
found to be too complex to be read on a mobile screen, the
information was not accessed effectively or at al [73].

Usability: User-Technology Interface

The percelved value and ease-of-use by the end-user was
identified as a critical factor in successful adoption of an
mHealth solution. End-user preferences and levels of technical
literacy were felt to affect the way health care information is
shared and accessed [57,67]. Generally, a solution will not be
used if it is perceived to be “more trouble than it is worth”
[67,72]. This was evident in situations where the solution was
considered to be too time-consuming [76], unreliable [67], or
generaly burdensome (eg, multiple passwords to remember,
difficulty with software installation) [58,77]. Solutionsthat are
easily adoptable must fit naturally into the existing context,
whether that means into the health care providers’ or patients
existing daily workflow and routines[58,68] or integrating with
other existing tools and applications [58,76,78]. For example,
an application well received by end-users was developed using
Facebook asthe platform, enabling older adults and their family
members to review health status information using familiar
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socia network technology, while HCPs were able to access
selected information related to patient care [58].

In addition, special consideration must be given to the varied
types of information that are shared viadifferent mobile devices;
mobile phones are limited in the amount of information that
can fit on ascreen compared to computers[53]. HCPs preferred
larger computer screens over mobile devices for recording
patient information [73]. From a patient perspective, tablets
with touchscreens may be more accommodating for individuals
with limited vision and dexterity, compared to mobile phones
[58].

In summary, factors that support or hinder implementation of
mHealth solutions include the following: (1) institutional
environment such as culture, policies, and readiness to change;
(2) the availability of a comprehensive business plan; (3)
personal factors of the different end-users including perceived
value of the mHealth solution; and (4) factors related to the

Table 2. Constructs measured in mHealth studies

Matthew-Maich et al

solution itself, for example, ease-of-use by different types of
end-users. These data highlight the importance of researchers
understanding the culture, values, and readiness of different
stakeholders and end-users from project inception, and also to
continue to monitor and address end-user and stakeholder
feedback.

Evaluating mHealth Solutions

A variety of quantitative, qualitative, and mixed-methods
designswere used to evaluate mHealth solutionsfor older adults
living at home. Researcherswereinterested in eval uating aspects
of application design and implementation (eg, feasibility,
acceptability, and usability), as well as heath outcomes
experienced by clients receiving the interventions (Table 2).
Selected approaches used to evaluate mHealth solutions were
grouped under 3 thematic constructs: (1) design and formative
evaluation; (2) implementation, process, and outcome
evaluation; and (3) frameworks for planning evaluation.

Domain Construct Measurement Tools

End-User Percep-  End-User Satisfaction Clients:

tions: Acceptability

Written questionnaire survey post-intervention [35, 42, 77, 81, 86] Interviews [58, 79] Focus

HCPs: Structured questionnaire survey post-intervention [ 74, 81] Focus Group [85] Semi-structured

Measured by built-in data analystics system[58, 81] Ease of use:
Questionnaires [35] Interviews [58] Technology Usability Scale [57]

Attendance/utilization rates [77,85] Focus group [85] Facilitator log [85]
Reintegrationto Normal Living Index [85] Functional Independence Measure (Telephoneversion;

& Feasibility groups post-intervention [85]
interviews [74]
Family caregivers:
Interviews [58]
Usability Frequency of use and usage patterns:
Intervention Feasibility
Patient Health Quality of Life/Well-being
Outcomes

Condition-Specific Disease

Severity

Physical Function

Patient Treatment Adher-
ence

Other Outcomes

Caregiver and Family
Well-being

Goal Attainment
Cost Effectiveness

Motor subscal€) [84] Late-life Function and Disability Instrument [84] Geriatric Depression Scale
[85] Kessler 10 [35] Diet Habits Questionnaire [35] EuroQol’s EQ-5D [35] Morbidity (hospital
readmissions) and Mortality obtained by hospital records [35] Heart Healthy Eating [77] Heart
Healthy Eating Self-Efficacy Scale (HHESES) [77]

Sroke/Cardiovascular:

Stroke-Adapted Sickness Impact Profile [85] Stroke Impact Scale [79] Stroke Self-Efficiacy
Questionnaire[79] Cardiac Rehabilitation ssessment Tool [35] Chedoke-McMaster Stroke Assess-
ment Activity Inventory [85]

Grip Strength (Jamar handheld dynamometer) [79] Step test [79] Active Australia Survey [35]
Walking activity measured by pedometer [35] 6-Minute Walk Test [35] Berg Balance Scale [85]

Self-report [35] Dropout rate, obtained from trial recruitment spreadsheet [35]

Caregiver Burden Inventory [59] Feetham Family Functioning Survey [59] Mastery of Stress Scale
[59]

Goal Attainment Scaling [85]

EuroQol - 5D [79] Reported costs of staff time, equipment and facility costs (from hospital’s fi-
nancia database), cost estimates for other technology costs at current market value [35]

Design and Formative Evaluation

interviews [42,51,52,70,74,79,80], persona-based scenarios
[50,51], aswell opinion surveys using structured questionnaires

Studies that addressed design features with respect to
acceptability and usability tended to use qualitative data
collection strategies. focus groups, in-depth and semi-structured
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[42,61,81-83]. Functionality (usability/feasibility) was tested
within simulation environments[50,60]. A good understanding
of the unique needs and characteristics of the end-users was
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obtained through the use of interviews, observations, and focus
groups[51]. End-usersincluded clients, family caregivers, and
HCPs (Table 2).

I mplementation, Process, and Outcome Evaluation

Several methods and data collection strategies were used during
pilot and small scaleimplementation studiesto evaluate mHealth
solutions used in the context of home and self-management for
older adults. Studies investigating the adoption and
implementation of mHeath solutions captured end-user
utilization statistics through self-report [83] or automated
data-generating features of the application itself [77,81]. Case
studiesincluding document review and key informant interviews
were used to describe implementation across a health care
system [72,73]. Opinions concerning barriers and facilitators
to implementation were again captured through interviews and
opinion surveys with key informants and end-users
[46,74,80,81]. Costs of implementation were assessed using
cost-benefit analysis techniques [35]. Core competencies in
eHealth for HCPs were identified through a facilitated process
with workshop participants [67].

Controlled trials ng health outcomes associated with the
use of mHealth solutions frequently incorporated standardized
tools or scales designed for the specific health outcome or
chronic condition of concern[59,79,84,85]. Parametric measures
(eg, blood pressure, BMI, glucose levels) were used to determine
changes or differences in health status [35,55,76]. One
systematic review investigated the overall effectiveness (ie,
cost, satisfaction, and quality of life) of eHealth using the
Internet as a mechanism for interactive communication
(instruction, information, monitoring) between patients and
professional care providers [91]. Ancther review investigated
the benefits of mobile phoneinterventionsfor long-term chronic
condition management [71].

Frameworks for Planning Evaluation

McCullagh et al discussed phases of evaluation: (1) formative
evaluation, conducted during application design and prototype
testing of mHealth solutionsin the self-management of chronic
conditions; (2) summative eval uation, conducted during limited
launches and pilot phases; and (3) population outcome
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evaluations, applied to full implementation after pilot phases,
to determine the impact of complex interventions embedded in
health care delivery systems [51]. The need for a common
evaluation framework was identified, which incorporates all
phases of mHealth solution development and supports an
iterative process of development and knowledge transfer
between developers, headlth care experts, and end-users.
Similarly, Dale et al, in their work on mHealth solutions to
support self-management by cardiac patients, followed astepped
process of evaluation starting with conceptualization, followed
by formative research, and pre-testing to be followed by
outcome evaluation through randomized controlled trials [77].
Each evaluation phase addresses different purposes in the
development process.

In summary, methods used to eval uate mHeal th solutions varied
across the literature, including a variety of quantitative and
qualitative data collection strategies and tools. Standardized
toolswere used for targeted outcomes of interest, and were often
tailored to the chronic condition or client population under study.
Other outcomes were more specific to reported behaviors and
body metrics. In most cases, studies were either feasibility or
pilot investigations, offering limited knowledge concerning the
impact of full-scale implementation [51]. Researchers
acknowledge the need for evaluation frameworks to guide a
process of evaluation that follows the different phases of
mHealth development and implementation from pilot studies
to full-scale implementation [51,77].

Discussion

The purpose of this scoping review was to identify current
practices and recommendations in designing, implementing,
and evaluating mHealth technologies to support older adults
and their caregiversin managing their chronic conditionswhile
living at home. Lessons|earned from thisreview are highlighted
in Table 3 as they apply to the mHealth development process
and from these, specific recommendations are offered. The
lessons learned and recommendations will contribute richly to
future mobile health developments for this rapidly growing
population and technological context.
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Table 3. Lessonslearned in designing, implementing, and evaluating mHealth to support older adults with chronic conditions at home.

Design, Implementation, and Evaluation Do-
mains

Recommendations

A good understanding of the end-users' context
iscritical

L ess can be more on amobile interface

Develop astrategy for interprofessional collab-
oration (ie, health care and technical expertise)

System and service reliability is essential for
successful implementation

L ook to business models for designing long-
term maintenance and support

Assemble a cohesive implementation team

An evaluation plan should be considered early
on

Engage end-usersin activities such as personas and scenarios or simulations[50,53] with the technol-
ogy; Involve app users and stakeholders early and often in the design process [46,88]; Consider uni-
versal design and accessihility principles to include engagement from end-users with a variety of
abilities and needs [54]; Design apps that adapt to HCP's or patients’ existing daily workflow and
routines [58,68]

Minimize navigation screens to two [53]; Include features with minimized complexity for end-users
that are still based on the most advantageous and available technologies [51]; Match complexity and
length of messaging to screen size for digestibility and readability [73]

Createinterdisciplinary development teamsthat consist of technology expertsand health care profes-
sionals along with end-users and other affected stakeholders[46,51,52];

Ensure ongoing communication/sharing of ideas between health care and I T experts to enable suc-
cessful implementation [72]

Be aware that malfunctions can cause frustration and negative perceptions of the solution [53];
Carefully design training approaches tailored to the needs of the end-users [50,71]

Carefully and realistically consider funds and timeline when planning for implementation [54]; Incor-
porate ongoing support and hardware maintenance/upgradesinto budget [50]; Employ sound business
models to secure investment from key government stakeholders[72]

Acknowledge that buy-in from both internal (end-users) and external (administrators/management)
stakeholdersisimportant [54]; Call on clinician championsas driversto support the use of the solution
(68]

Use an evaluation framework that incorporates al phases of mHealth application development [51];
Follow astepped process of eval uation starting with conceptualization; consider aplan that will enable

long term impact evaluation and costing [77]

Implications for Policy and Future Development

The findings from this review have implications for all
stakeholders including researchers, clinicians, homecare
providers, software developers, patients, and their families. In
one of the few widespread technology implementation studies
in community health care, it was clear that the extent of
technology adoption was related to the end-users' perceived
value or perceived risk of using the technology [73]. This
supports one of the core constructs of normalization process
theory pertaining to coherence or sense-making of theinnovation
[87]. Itisthereforevitd that clinicians, researchers, and mHealth
designers consider hardware and software factorsin the context
of end-users’ needs, preferences, and activities to ensure the
solution is working for the user and not the other way around.
Developers should strategically put together ateam that hasthe
capacity, including knowledge, skills, and resources to
implement and maintain mHealth sol utions, and who can speak
to the specific needs of HCPs, patients, and their family
supporters.

Inonly afew of the articles reviewed, were considerations and
findings guided and presented within a theoretical framework
[46,51,62,77]. The use of a framework enabled an approach
that acknowledges the complexity of mHealth devel opment
when involving adiverse set of stakeholders and their interests
in the midst of dramatic change in health care delivery. The
magnitude of this challenge becomes more acute when we
recognize the different level s of support required for older adults
living at home—from total independence with the option to use
mHealth technology as desired, to a gradation of dependency
requiring the involvement of informal caregivers and health

http://mhealth.jmir.org/2016/2/e29/

care providers. Further, the development of mHealth solutions
presents its own unique challenges compared to traditional
supports for older adults, when considering the kinds of
expertise and systems adjustment required.

There are considerable implications for the patient when
mHealth solutions are deployed within the context of health
care. Researchers noted end-user concerns about implementing
solutions in health care related to the idea of technology
replacing, rather than supporting, human contact [73].
Accordingly, developers and health care providers must be
sensitive to the needs and preferences of the patient and design
solutions [54]. Patients, particularly older adults, have various
levels of interest or literacy in technology; consequently,
technology support needs to be factored into implementation
plans [56]. In other words, mHealth is not a* one size fits all”
approach.

Finally, there are policy implications at a population level.
Mobile health hasthe potential to gather large amounts of health
data that can be used to better inform interventions and care
plans. However, there are many barriersto implementation and
sustainability that limit the number of successful, evidence-based
mHealth solutions that are implemented beyond the pilot or
feasibility stage. For example, the additional costs of privacy /
security testing, ongoing technol ogy support/devel opment, and
software maintenance are a poor fit with government-supported
funding cycles for research and development, where funds are
typically delivered for alimited number of months or years[46].

Implications for Future Research
While this scoping review highlights a number of key design
principles and lessons learned for the development and
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implementation of mHealth solutions, there remain a number
of gapsin the literature that should be addressed within future
research priorities. First, there is little focus on sustainability
of mHesalth solutions, and few resources availablefor researchers
to access when navigating the options and planning a
sustainability plan. To address this, there may be opportunities
for partnerships between industry and research to support the
sustainability of an mHealth solution [46]. Second, there are
few resourcesto support eval uating the long-term effect of using
mHealth solutions. While the goals and objectives of each
solution will vary, researchers would benefit from a theoretical
framework to guide the cyclical, iterative process of design,
implementation, and evaluation of mHealth technologies as
whole entities rather than segmented parts. To this end,
longer-term cohort studies and other research designs are needed
that can attribute health outcomes to mHealth interventions
within complex systems of hedth care. From a fisca
perspective, studies need to be designed that take into account
the cost-effectiveness of new technologies [79].

Researchers aso need to consider the unanticipated
consequences and risks of mHealth solutions, as well as the
potential inequities that may be created given unequal access
and use of technologies in society. Potential risks to be
considered include the following: (1) the potential for breaches
in patient privacy and confidentiality [67,71], (2) the potential
for mHealth solutionsto replace rather than supplement clinical
care [52], and (3) insufficient support or supervision for
technologically assisted home-care rehabilitation [81]. It is
critical that these risks and concerns, along with those yet
unrecognized, are identified in order to manage them
appropriately when any new intervention, and particularly
technology-based interventions are implemented.

There is limited knowledge about the implementation science
related to the adoption and acceptance of new technology in
relation to home-based care for older adults. Researcherswould
benefit from a framework to evaluate the effectiveness of the
process of implementing the mHealth solution. For example,
where/when/how is support required by patients and their
caregivers and how is this best addressed? More focused
consideration needs to be given to patient empowerment using
mHealth technology for self-management [88,89]. Further,
researchers need to anticipate changing needs with different
forms of technological experienceswithin an aging population.
Investigators should consider how mHealth solutions targeted
for older adults will need to evolve over time as age cohorts
and technol ogies advance.

Limitations

Various limitations concerning this review need to be
considered. Firgt, true to scoping review methods, a quality
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assessment of selected papers was not used to exclude articles,
although all were peer-reviewed. Results from studies using a
variety of study designs as well as author opinions were
incorporated into the findings of this review. Second, mHealth
isarapidly advancing field. Application of the reported findings
may need to be reappraised within the context of a changing
landscape of innovation. Third, this scoping review addresses
abroad area of content and contexts, that is, different mHealth
solutions, goals, and implementation contexts, multiple
applications; different users, communities, and countries; and
different chronic conditions with rare separation of single
conditionsfrom the context of multiple chronic conditions. This
may limit transferability of the results to a specific context and
present as prime areas for future systematic and realist reviews.
Fourth, grey literature is not included; sources for this review
were limited to articles published in peer-reviewed journals.
Unpublished yet related information on the most current trends
in this field may have been missed.

Conclusions

Devel oping effective mobile technol ogies with minimized risk
to the quality of health care offered to older adultsis a current
research priority. Despite the potential benefits that mHealth
solutions could offer, thereislimited use of these technologies
inthe home. Interdisciplinary mHealth devel opment teams need
to consider specific factors when designing, implementing, and
evaluating such technologies that will ultimately fit within the
unique context of older adults at home and their care providers.
Whether the target of mHealth solutions is the patient, family
and/or HCPs, it isimperative to be working with these end-users
rather than for them when designing, implementing, or
evaluating mHealth solutions. Optimally, the cyclical and
iterative process of mHealth development needs to be viewed
as awhole with supportive frameworks to foster this.

The question and selection criteria for this review alowed for
a broad range of mHealth technologies to be considered that
apply to avariety of chronic conditions associated with aging.
This paper presents some commonalities across these different
contexts using thematic constructs to inform interconnected
processes of design, implementation, and evaluation when
developing mHealth solutions best suited to the needs of older
adults living at home. At a time of rapid technological
innovation, guidelinesfor research and development in mHealth
need to be adaptabl e to continuous change as new tools become
available [90], even as the health care delivery system itself
experiences transitions toward community care. With the
development of effective and efficient evidence-based
technologies, mHealth solutions offer great potential for
optimizing the health of an aging population.
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Abstract

Background: In cancer care, mobile phone-based systems are becoming more widely used in the assessment, monitoring, and
management of side effects.

Objective: To explore the experiences of patients with colorectal cancer on using a mobile phone-based system for reporting
neurotoxic side effects.

Methods: Eleven patientswereinterviewed (ages 44-68 years). A semistructured interview guide was used to perform telephone
interviews. The interviews were transcribed verbatim and analyzed with qualitative content analysis.

Results: The patients' experiences of using a mobile phone-based system were identified and constructed as: “being involved,”
“pacing oneself,” and “managing the questions.” “Being involved” refersto their individual feelings. Patients were participating
intheir own care by being observant of the side effects they were experiencing. They were aware that the answers they gave were
monitored in real time and taken into account by health care professionals when planning further treatment. “Pacing oneself”
describes how the patients can have an impact on the time and place they choose to answer the questions. Answering the
guestionnaire was easy, and despite the substantial number of questions, it was quickly completed. “Managing the questions”
pointed out that the patients needed to be observant because of the construction of the questions. They could not routinely answer
all the questions. Patients understood that side effects can vary during the cycles of treatment and need to be assessed repeatedly
during treatment.

Conclusions: This mobile phone-based system reinforced the patients' feeling of involvement in their own care. The patients
were comfortable with the technology and appreciated that the system was not time consuming.

(JMIR Mhealth Uhealth 2016;4(2):€66) doi:10.2196/mhealth.5426
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Introduction

The number of mobile subscriptions worldwide is estimated to
be ailmost 7 billion. The growth rate until 2014 reached 2.6%
globally, which is a low level indicating that the market is
approaching saturation levels [1]. The continuous increase in
mobile subscriptionsis mostly due to growth in the developing
world. The Global Observatory for eHealth of the World Health
Organization defines mobile health (mHealth) as a “medical
and public health practice supported by maobile devices such as
mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices” The mobile phones of
today have capacious memories, large screens, and operating
systems that encourage the development of applications and
other mobile phone-based systems [2]. There are great
opportunities for mHealth in using these technologies.

The type of technology used in this study, mHealth, has been
used by health care providers in home care for symptom
management of patients with chronic diseases. Mobile phones
areused for patientswith chronic diseases such as hypertension,
diabetes, heart disease, and asthmaand also for arange of other
health problems. Apart from enhancing the capacity to
self-manage long-term conditions, mobile phone technology
can have an impact on the understanding of a disease. It can
also assist in lifestyle modifications and creates a supportive
environment [3]. This may in turn have an effect on patients
independence, responsibility, and self-esteem. Mobile phone
technology has advantages for users when it comes to
portability, immediacy, convenience, comparatively low cost,
efficiency, and simple usability [4]. Mobile phone-based health
systems facilitate communication between patients and health
care providers [3,4]. The increased number of mobile phone
users creates new possihilities in cancer care.

Treatment of patients with advanced colorectal cancer (CRC)
involves a postoperative combination of different
chemotherapeutic agents. Oxaliplatin is one of the drugs used
today, usually combined with 5-fluorouracil (5-FU) and folinic
acid (leucovorin) [5,6]. Oxaliplatin is known to be highly
neurotoxic, and neurotoxic side effects occur in most patients
[7]. Severe neurotoxic side effects can affect the patient’s daily
life, limiting physical functions, and can be associated with
depression and affected quality of life [8]. It is of great
importance to identify patients who are at risk of developing
high-grade neurotoxicity [6]. Early identification can eliminate
the risk of developing chronic neurotoxic side effects with
functional impairment [9]. Health care professionals have an
important role in supporting patients and identifying and
reporting early signs of neurotoxicity. It is necessary to have
valid questionnairesto capture neurotoxic signs during and after
oxaliplatin treatment [10,11].

The increased number of mobile phone users creates new
possibilities for interventions with mobile phone-based
technology. Such technology is useful for cancer care in
prevention and early detection of cancer, treatment follow-up,
and patient-health professional communication [12]. Mobile
phone-based systemsrel ated to cancer care seem to have limited
use and are employed only during limited phases of the care
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process. There is a need to improve the reliability and quality
of content of what to be assessed by involving the medical
professionin designing the systems[13,14]. In previous studies,
patients used mobile phone-based systems to answer symptom
guestionnaires during treatment and to receive advice via the
mobile phone [15,16]. Patients using maobile phone-based
systems experienced improved management of their side effects.
They felt secure knowing that their side effects were monitored
by their health care provider and that they were participating in
their own care [16,17]. In cancer care, mobile phone-based
systems are becoming more widely used in the assessment,
monitoring and management of side effects, self-care, and advice
[17-19]. Few studies have used amobile phone-based reporting
system to monitor chemotherapy-induced side effects and to
visualize distress with graphs and act on it. There are also few
studies eval uating the usability of mobile phone-based systems
in cancer care[18,19].

CQ: A Mobile Phone-Based System

In this study, a mobile phone-based system for self-reporting
was used. This solution allows patients to answer structured
guestionnaireson their own mobile phonesregarding their health
and side effects of treatment. Patients' neurotoxic side effects
in this study were identified in a self-reported, mobile
phone-based system named Circadian Questions (CQ) (21st
Century Mobile AB, http:// www.cgmobil.se). The CQ mobile
phone-based system is designed to be platform independent.
The CQ system is compatible with JAVA ME phones, iPhone,
Android, iPad, and Windows Phone. The patients received
platform-specific written information regarding installation of
the system on their mobile phones.

The collected, identified data are transferred to a secure
database viathe Internet asdatatraffic, not SM 'S (Short Message
Service) (Figure 1).

The answers are made available in real time and presented as
graphsto the authorized health care professionals after they log
into aweb interface. The cost for the patientsisvery low thanks
to the use of datatraffic; a set of answers (4K) costs 0.5 € cents
asamaximum and the installation SM S at the start of the study
costs roughly 10-20€ cents.

The research group modified and adjusted the Swedish version
of the questionnaire OANQ tofit all mobile phone displaysthat
are compatible with CQ [10]. In the adjustment process, some
of the questions were condensed and some sentences shortened
so that they would fit even the smallest displays of the JAVA
ME mobile phones (many patients still use JAVA mobile
phones), but this did not interfere with the content of the
guestionnaire. Example: difficulty identifying objects in your
hand (eg, coin) was condensed to; difficulty identifying (eg, a
coin in your hand) (Figure 2). All the questions had a similar
structure, and the patients answered them in anumerical rating
scale in the mobile phone by pressing a number between 1 and
5. The condensed questions were tested on some of the patients
representatives in advance to check that the content and
understanding of the questions were preserved.

When the health care professionals initiated the transfer of the
guestionnaire to the individual mobile phone, they used a
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calendar function tofill in the specific datesthat the patient had
received the questions. The dates in the calendar were set
according to each patient's specific chemotherapy regime. The
calendar was adapted to each specific patient, and the chosen
guestionnaire was sent out to the patient at exactly the right
moment in the treatment cycle to attain individual customized
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assessments. This calendar function was specifically devel oped
for this project or study to enhance individual customized
measurements.

The aim of this study wasto explore the experiences of patients
with CRC of using a mobile phone-based system for reporting
neurotoxic side effects.

Figure 1. The collected and identified data are transferred safely to a secure database via the Internet as data traffic (reproduced with permission from

21st Century Mobile AB).

Health Care Professional

CQ - Database
Web Interface

Patient

Figure 2. Example of a condensed question in the mobile phone display (reproduced with permission from 21st Century Mobile AB).

18:23

Difficult to identify e.g. a
coin in your hand?
Choose 1-5.

Not difficult=Click Next
1=Nearly not difficult
5=Very difficult

Methods

Study Population

This study is a part of a larger study with descriptive data of
the frequencies of existing neurotoxicity and impact on daily
lifein patients with CRC cancer. Eleven patientswere included
in the present study from March to August 2014. One patient
declined participation because of serious illness and a long
hospital stay. Patients were included from 4 hospitals in the
south of Sweden—2 university hospitals and 2 regional
hospitals. Patient’s inclusion criteria were as follows: at least
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Next Abort

18 years of age; had been treated with 5-fluorouracil (5-FU)
and folinic acid (leucovorin) in combination with oxaliplatin
postoperatively in an adjuvant setting for stage Il-11l CRC;
ability to speak and understand the Swedish language; and had
answered CQ questionnaires on their own mobile phone to
assess neurotoxicity. Every patient answered questionnaires
using the mobile phone-based system CQ. At the time of the
telephone interview, the patients had diverse experiences of
answering the questionnaires using their mobile phones. The
time they had used CQ varied from 1 to 10 months.
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Data Collection

Data were collected through qualitative interviews. One of the
authors (MV) contacted the patients and interviewed them by
telephone. A semistructured interview guide was used. The
guestions asked were (1) what did you think of answering the
guestionnaire with repeated questions via a mobile phone? (2)
what did you think of registering your side effects viaamobile
phone? (3) were there any advantages in answering questions
via a mobile phone? (4) where there any disadvantages in
answering questions via a mobile phone? (5) could something
in the mobile phone reporting system be improved? To clarify
some parts of theinterview, questions such as, “can you tell me
more about that?’ or “can you clarify that?’ were asked. The
interviews were audio digitally recorded and lasted between
12-31 minutes (mean 20). The interviews were transcribed
verbatim.

Analysis

With the explorative aim of the study in mind, the respondents’
transcribed interviews were analyzed as a whole using
techniques of conventional qualitative content analysis[20,21].
Qualitative content analysis can be applied to transcribed
interviews because there is a text to work with. The analyses
were performed by three of the authors (JD, MV, and CB).
Before beginning the analyses, the authors read the transcribed
interviews. Statements with similarities were grouped together
and summarized into tentative clusters based on the questions
asked. These tentative clusters were reviewed in detail, and all
the included statements were scrutinized. Unclear statements
were explored with respect to the original context. Through
iterative in-depth discussions among all the authors, the

Table 1. Overview of clusters and subclusters.

Drott et d

statements were reclustered step by step, and amorelogical and
complete structure gradually emerged. These completed
structures of original text were again reviewed in their original
context and condensed into final clusters by the three authors,
and final adjustments were made. Thus, all the clusters were
validated through systematic repeated reviews of the data. To
confirm and illustrate the clusters identified, quotations related
to the clusters were selected during the analysis process. The
quotes used in the Results section illustrate examples of patients
statements. The interviews and transcriptions were all in
Swedish. To producethis paper, great care wastaken to trandate
the quotations with the support of a native, English-speaking
translator.

Ethics

All data were treated carefully and confidentially. All patients
provided oral and written informed consent in line with the
Declaration of Helsinki [22]. Ethical approval was obtained
from the Regional Ethica Review Board (record no.:
2012/301-31).

Results

Eleven patients were included in the analysis, 4 men and 7
women. They were aged between 44-68 years, median 65.

Three main clusters were identified and constructed during the
analysis, and given the names “being involved,” “pacing
oneself,” and “managing the questions.” These are shown in
Table 1. Each of the main clusters includes a number of
subclusters at varying levels of abstraction, and the clusters are
linked together by the underlying meanings.

Being involved Pacing oneself Managing the questions
Being a participant Having impact Need to be alert

Being aware Having support Recognition

Getting knowledge Discovering “the gray area”

Being a contributor

Being I nvolved

The patients experienced that they were participating in their
own care in various ways when they used the self-reporting
mobile phone-based system. Patients were aware that the
answers they gave were monitored in real time and taken into
account by health care professionals when planning further
treatment.

..they were very careful, at least when | had the
treatment, to check up on these questions. They've
changed my medication several times and now I'm
doing really well. So that’s very positive. [Patient no.:
g

..it's very good if someone can do a follow-up
immediately after you've sent the answers and that
you get, asin my case, a question or someone giving
you a call who says that you've answered this and
that and we'd like to talk to you about it and so on.

http://mhealth.jmir.org/2016/2/e66/

That was great. | think that’s very useful, definitely.
[Patient no.: 3]

Thisreporting system was perceived to be flexible and patients
were comfortable with it. The results of the study point out the
usability of the system. Theinitia reaction to the questionnaires
wasthat they contained alarge number of questions, but patients
found them relevant to the treatment and therefore meaningful.
If the patients had a problem such as ahearing disahility, it was
more convenient to answer questions via the questionnaire on
the mobile phone than having a conversation on the telephone.
Patients stated that answering a questionnaire on the mobile
phone was easier and less time consuming than answering a
paper questionnaire and having to post it. Patients reflected on
the different ways of communicating and personal contact with
medical staff.

| think it can be a really good instrument // | don't
think that you can ignore the importance of a physical
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meeting completely. You might think it's enough to
answer the questionnaire, you have an alternative.
[Patient no.: 2]

Answering the questionnaires al so made the patients more aware
of the side effects, both in apositive way and in anegative way.
This awareness provided the patients and the health care
professional swith knowl edge about the side effects of treatment.
Patients were faced with aspects of the diagnosis that could be
astrain emotionally, and sometimes upsetting. Thisissomething
that can befoundin all formsof questionnaire, asthey can make
patients aware of consequences and effectsthey have not thought
about before.

The patients had a sense of contributing to something more
besidetheir own care. By answering the questionnairesviatheir
mobile phones, they contributed to extending and developing
oncology care and/or nursing.

...with my participation | am a part of development
of oncological treatment. It is about understanding
how patients are doing during treatment and also
about decreasing side effects for people that need to
have this chemotherapy in the future. [Patient no.: 6]

Pacing Oneself

The main reason for the patients appreciation of this
self-reporting system was the possibility to pace oneself. Asa
patient, you have options regarding when and where you want
to answer the questionnaire; you can choose atime and a place
to answer the questions and you can do it in peace and quiet.
For patients, thiswas an important advantage of using amobile
phone-based system. A questionnaire on paper would probably
have resulted in patients withdrawal from the study. A reminder
to answer the questionnaire was sent out to the patient’s mobile
phoneat 4 pmif the questionnaire had not been answered before
that time.

The reminder is good, since it’'s not always suitable
to answer the questionnaires at the first “ mailing”
/I Questionnaires on the mobile phone could be
answered almost anywhere and whenever you wanted
to. [Patient no.: 3]

| can answer when | want. For example, the last time
| answered the questions | was sitting in my car on
the way home from Sockholm. Well, the
accessibility... and | can decide for myself. // More
than if we were to have telephone contact. This is
freedom, | can do it wherever | want to. [Patient no.:

7]

Answering the questions via this self-reporting system was
perceived as easy and not time consuming. The process of
answering was quickly completed considering the total number
of questions. The questionsin the original questionnaires were
quite long, so when using them in the mobile phone-based
system, the questions were shortened. The patients stated that
the questions were condensed, but were clear and easy to
answer.

http://mhealth.jmir.org/2016/2/e66/

Drott et d

It'sonly afew*“ clicks’ and it's very easy. Especially
when you just answer with a number and don’'t have
to write things down. [Patient no.: 4]

| always have my mobile phonewith me, soit'seasier.
It's quick and better than surveys on paper and
computers. [Patient no.: 5]

The system was not difficult for the patients when it comes to
usability. However, some patients encountered technical
problems or needed help with the functioning of the
guestionnaire. They all had opinions about the support; support
was just a phone call away and easily accessible. On some
occasions, there were glitches in the system due to problems
with the mobile network accessibility in the countryside.

Managing the Questions

The patients needed to be alert, at |east at the beginning of the
study, when answering the questions. Patients pointed out that
they could not routinely answer the questions in the beginning.
They needed to be observant due to the construction of the
guestions.

You need to observe how the questions are
formulated. The construction of the questions
sometimes differs, which affects how you value the
answer on the scale. The questionnaire demandsthat
you are alert and really read what is stated in each
question. [Patient no.: 1]

| think there are a lot of questions but the questions
are similar, so | learned to manage them. [Patient
no.: 9

After awhile, there was recognition; there were agreat number
of questions, but the patients found that acceptabl e because they
became familiar with the structure. Even though there were
many questions, the patients stated that they managed to answer
them smoothly and quickly.

At the beginning, some of the patients had trouble understanding
why the questions were repeated continuously at certain
intervals. Gradually there was an understanding of the need for
this repetition because the side effects could vary during
treatment. Patients recognized the fact that the same side effects
needed to be measured before and after every dose of
chemotherapy to identify and follow-up the side effects of
treatment.

The treatment | receive affects my entire body, so |
don't think that it's possible to reduce the number of
guestions. These are the side effects | usually have,
so, well | don’t think that it’;s possible to reduce the
number of questions. [Patient no.: 4]

Some patients pointed out that they had side effects that could
not be conveyed in the questionnaire, and therefore asked for
space to write comments. The patients highlighted so called
“gray areas’ when trying to answer the questions; there were
side effects that could not be defined by a number on the scale
and there were problems that patients wished to explain using
words instead. When patients thought they were in this “gray
area,” they would have preferred to talk to a physical person
and explain their issues.
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... but it's a bit difficult, you can’t give details, you
have to give a number. For example, if you have
problemswith eyesight. You know, | press on one eye,
left eye, and the eyesight disappears completely. Then
it comes back gradually when | release the pressure.
So that's a side effect | can’t get across with the
questions. [Patient no.: 11]

There are questions that | cannot identify with, and
sometimes it can be hard to select the proper rating
for my side effects. [Patient no.: 10]

Patients could have distressing and painful side effects such as
pricking sensations but they were able to cope with them. Some
patients received phone calls from health care personnel who
were observing the answers. Patients were grateful for the
telephone contact and considered this as a bonusin the study.

Discussion

Thefindings of this study highlight the experiences of patients
with CRC of using a mobile phone-based system for reporting
neurotoxic side effects. Patientsfelt involved in their own care.
Symptom monitoring by means of a mobile phone gave the
patient the opportunity to communicate the neurotoxic side
effects of the treatment to medical staff, who could act on it
within a short period. Real-time symptom monitoring gives an
accurate image of the patient’s experience of the side effects.
Adaption of individual doses of chemotherapy is possible using
mobile phone technology according to Weaver et a [16].
Real-time monitoring of toxicity enables optimization of dose
increase and effective management of side effects [16]. As
reported in another study, delayed self-reporting of
chemotherapy side effects can lead to weaker insights into the
symptom burden, partly due to patients forgetting the severity
of the side effects [23].

There was an increased awareness of neurotoxic side effects
among patients. ldentification of neurotoxic side effects in
patients with CRC can eliminate the risk of functional
impairment regarding chronic neurotoxicity [9]. The mobile
phone-based system used in this study is constructed for
individual flexibility and enables the questionsto follow every
patient’s specific cancer treatment regime.

According to De Jongh et al [24], mobile phone-based systems
may facilitate self-management of long-term illnesses. Patients
express interest in using these kinds of mobile phone-based
system. However, the evidence for this is based on a small
number of trials, and further research is needed to gain more
information about the long-term effects, acceptability, costs,
and risks of such interventions. The mechanisms behind short-
and long-term acceptability, such as message content and
frequency, need further research [24].

The issues of time spent on answering the questionnaire and
accessibility of maobile phone-based system were essential for
patients. The patients appreciated that the system was not time
consuming. The questionsin the questionnaires were condensed
to fit the displays of al mobile phones compatible with the CQ
system [11]. Patients found them easy to understand and
meaningful to answer. The CQ system is not designed for a
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particular mobile phone platform. It can thus be used on awide
range of different platforms, which makesit accessibleto alarge
proportion of the popul ation.

It is necessary, though, that the side effects are followed by the
medical staff and the health care professionals by means of
graphs. Inastudy by McCann et al [17], they used an automated
system where health care professionals observed patients side
effects of chemotherapy-related toxicity in real time. Patients
reported symptoms on days 1-14 after their first 4 cycles of
chemotherapy. Data were registered in a system, and advice
was sent to the patient [17].

Today, short hospital stays are common, and many patients are
required to recover at home. For some patients, this can be
convenient and improve overall quality of life. But again, other
patients may need prolonged support and medical assistanceto
be able to recover after their hospital stay. Monitoring these
patients and conducting follow-up visits are very time
consuming for health care professionals. This is problematic
given the increasing workload for health care staff today. A
system that facilitates the contact between the patients and the
oncology team with early detection of side effects in
chemotherapy treatment could not only improve patients’ health
but also be cost-efficient. In a study about hypertension
management, health care professional s stressed the importance
of being accessibleto patients and that an interactive self-report
system increased the contact with patients. In that study,
patients' self-management of their hypertension was examined
[25,26]. Feedback provided by health care staff is appreciated
by patientsasa“bonus’ and a confirmation of the fact that they
could have animpact on their own care. The prevention of future
complications and improved cancer treatment are of great
importance to the patients. Mobile phones have previously been
successfully used in different areas of health care. Even so, there
aresurprisingly few research studiesthat focus on mobile phone
technology for disease and health monitoring [27,28].

In the larger study by Drott et a [29], neurotoxic side effects
were monitored for a considerably longer period of time than
in previous studies. Previous studies have followed patients for
afew cycles of treatment [15,16]. Our study is unique in that
the patients’ neurotoxic side effectswereregistered in CQ from
the start of chemotherapy and up to 1 year after treatment. Every
patient answered the CQ questions 4 times during every
treatment cycle. Inthisstudy, the 11 individuals were at different
stages in their chemotherapy treatment and therefore they had
answered questionnaires in the CQ system for varying lengths
of time. Theinterval at which questionnaireswere sent out could
be adjusted individually to each specific patient thanks to the
cadendar function. Real-time symptom monitoring and
longitudinal follow-up of side effects give a proper impression
of the patient’s experience and symptom burden.

In cancer care, mobile phones are becoming more widely used
in the assessment, monitoring and management of side effects,
self-care, and advice [17-19]. Our results are unique because
our mobile phone-based system isindividually tailored for each
patient. We also focus on neurotoxicity, and there are no other
studies that measure neurotoxicity in real time, so frequently
and for such along time. Some patients pointed out that they
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had side effectsthat could not be conveyedin the questionnaire,
and therefore asked for space to write comments. The patients
highlighted so-called “ gray areas’ when trying to answer the
guestions; there were side effects that could not be defined by
a number on the scale and there were problems that patients
wished to explain using words instead. When the patients
perceived themselves asin this“ gray area,” they would have
preferred talking to a physical person, to explain their issues.
These results pointed out that mobile phone-based system is a
complement to the physical meeting with medical staff.

Limitations of the Study

This study has some limitations. The sample size of 11
participants may seem small, but this sample sizeisrelevant in
qualitative research [30]. This is a starting point for further
research and with respect to the diagnosis of cancer, researchers
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have to take into account vulnerable groups of patients, makes
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Conclusions

The results of this study show that this mobile phone-based
system reinforced the patients’ feeling of involvement in their
own care. The patients felt comfortable with this mobile
phone-based technology, it was accessible and usable.
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Abstract

Background: Mobile phone-assisted technol ogies provide the opportunity to optimizethefeasibility of long-term blood pressure
(BP) monitoring at home, with the potential of large-scale data collection.

Objective: In this proof-of-principle study, we evaluated the feasibility of home BP monitoring using mobile phone-assisted
technology, by investigating (1) the association between study center and home BP measurements; (2) adherence to reminders
on the mobile phoneto perform home BP measurements; and (3) referral's, treatment consequences and BP reduction after araised
home BP was diagnosed.

Methods: We used iVitality, a research platform that comprises a Website, a mobile phone-based app, and health sensors, to
measure BP and several other health characteristics during a 6-month period. BP was measured twice at baseline at the study
center. Home BP was measured on 4 days during the first week, and thereafter, at semimonthly or monthly intervals, for which
participants received reminders on their mobile phone. Inthe monthly protocol, measurements were performed during 2 consecutive
days. In the semimonthly protocol, BP was measured at 1 day.

Results: Weincluded 151 participants (mean age [standard deviation] 57.3 [5.3] years). BP measured at the study center was
systematically higher when compared with home BP measurements (mean difference systolic BP [standard error] 8.72 [1.08]
and diastolic BP 5.81 [0.68] mm Hg, respectively). Correlation of study center and home measurements of BP was high (R=0.72
for systolic BP and 0.72 for diastolic BP, both P<.001). Adherence was better in participants measuring semimonthly (71.4%)
compared with participants performing monthly measurements (64.3%, P=.008). During the study, 41 (27.2%) participants were
referred to their general practitioner because of a high BP. Referred participants had a decrease in their BP during follow-up
(mean difference final and initial [standard error] —5.29 [1.92] for systolic BP and —2.93 [1.08] for diastolic BP, both P<.05).

Conclusion: Mobile phone-assisted technology is areliable and promising method with good adherence to measure BP at home

during a 6-month period. This provides a possibility for implementation in large-scale studies and can potentially contribute to
BP reduction.

(JMIR Mhealth Uhealth 2016;4(2):e67) doi:10.2196/mhealth.5485
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Introduction

High blood pressure contributesto the global burden of disease,
accounting for 9.4 million deaths per year [1]. With aprevalence
as high as 78% among the 65-plus population in Europe, it is
one of the most common chronic conditions in primary care
[2]. Although the prevalence is predicted to further increase
over the coming years, only 70% of all hypertensive patients
are aware of having hypertension [3,4]. In spite of widely
avalable effective ways to reduce blood pressure, rates of
hypertension control are still far from optimal [2,5-7]. In one
study including 5296 participants, blood pressure control was
achieved in only 30% of patients, who were aged 60 years or
older [8].

The increasing availability of the Internet, mobile phones, and
health sensors providesthe potential to interactively administer
health interventions at home. Recent surveys show that at |east
75% of the European population uses the Internet on a regular
basis, with almost half of them using a mobile phone to access
the Internet (smartphone) [9]. Adults aged 65 years and older
arethefastest-growing group of Internet users[10]. Older adults
have a high interest in self-assessment health tools [11]. This
enables people to measure blood pressure at home, with the
potential of direct feedback and treatment adjustments.
Furthermore, previous studies show that home blood pressure
measurements, when compared with clinic blood pressure
measurements, are in fact a stronger prognostic indicator of
cardiovascular events[12-14]. It could therefore be effective to
identify patients at risk of cardiovascular events and thereby
prevent the occurrence of cardiovascular complications[12,15].
In addition, it providesapotentia for large-scaleimplementation
and data collection. However, data on feasibility of long-term
home blood pressure measurements, using the Internet and
mobile phones, are scarce [16-18].

The aim of this proof-of-principle study was to evaluate home
blood pressure measurements using mobile phone-assisted
technology. For this, weinvestigated (1) the associ ation between
study center and home blood pressure; (2) the adherence to
perform home blood pressure measurements according to a
monthly or semimonthly measurement protocol; and (3)
referrals, treatment consequences and blood pressure reduction
after araised home blood pressure was diagnosed.

Methods

Study Design

iVitality is a Web-based research platform that consists of a
Website, a mobile phone-based app, and sensors that are
connected with or aready integrated in the mobile phone to
measure blood pressure [19]. This iVitaity study is a
proof-of-principle study inwhich participants were randomized
to perform home blood pressure measurements according to a
monthly or semimonthly measurement protocol, during aperiod
of 6 months. The different measurement protocol s are described

http://mhealth.jmir.org/2016/2/e67/

in more detail in the “Follow-Up Measurements’ paragraph
below.

Study Participants

We choseto perform this study in peoplewith aparental history
of dementia because (1) they have a higher risk of both
hypertension and dementia, making them apotentially suitable
target group for large-scale preventive studies and (2) they are
highly motivated to participatein preventive studies[13,14,15].
Other inclusion criteria were (1) age 50 years and older; (2)
familiar with and in possession of a mobile phone with iOS or
Android (version, 2.3.3 or higher) software; and (3) motivated
to measure health characteristics at home severa timesamonth,
during a 6-month period. Exclusion criteria were a medical
diagnosis of dementia and/or any other cognitive disorder and
amedical history of stroke and/or transient ischemic attack.

Participants were recruited through advertisements in memory
outpatient clinics, nursing homes, general practices, and on the
Website, and in the newdletter of the Dutch Alzheimer
Foundation (Alzheimer-Nederland). If all of the inclusion
criteria were met, participants received detailed study
information in print. They visited the study center at Leiden
University Medical Center or Academic Medica Center
Amsterdam at baseline, where they received information about
the study and baseline measurementswere performed by astudy
physician or research nurse. Written informed consent was
obtained from all participants. The medical ethical committee
of Leiden University Medical Center, the Netherlands, approved
the study.

Baseline M easurements

Enrolment and follow-up took place from September 2013 to
January 2015. In preparation for thefirst visit to the study center,
al participants completed a Web-based questionnaire on
education, medical history, and medication use. During the visit
to the study center, detailed information about theiVitality app
and instructions on how to use it were given. History of
hypertension and medication use was self-reported. Blood
pressure was measured twice at baseline on the upper left arm,
in sitting position with a fully automatic electronic blood
pressure monitor. Participants were instructed in the use of the
home blood pressure monitor.

Follow-Up M easurements

During a 6-month period, participants received automatic
messages on preprogrammed days at self-chosen time points
on their mobile phone, which reminded them to measure blood
pressure. Participants with an Android mobile phone used an
A&D blood pressure monitor (A& D Company, Ltd; model UA
767 Bluetooth) which was connected to the mobile phone and
automatically transferred the results to the iVitality app by
Bluetooth [20]. Participants with an iPhone used an OMRON
(OMRON Healthcare Company, Ltd, model M6W and M6AC
[HEM-7322-E]); they manually typed their blood pressure
values and heart rate in the iVitality app [21]. During the first
week and the last week of the study, all participants performed
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blood pressure measurements according to the guideline of the
European Society of Hypertension [13]. In short, participants
were asked to measure their blood pressure twice at both
morning and evening, at least for 4 days during the first week
of the study, with day 1 being discarded [13]. For the rest of
the study period, blood pressure was measured according to 2
different study protocols, to which participants were randomly
gned by acomputerized program at baseline. Randomization
was performed in al:1 manner stratified for sex. Inthe monthly
protocol, participants performed measurementsin the morning
and evening of 2 consecutive days. In the semimonthly protocol,
blood pressure was measured in the morning and evening of
only one day. Blood pressure was measured twice at each
measurement; the mean of both measurements was used.
Reminders to perform blood pressure measurements were sent
the evening before the measurement day and at the actual day
on which the participant was expected to perform the blood
pressure measurements. When participants did not perform their
blood pressure measurements, they received areminder the day
after. This reminder was sent automatically by the Website of
theiVitality research platform, and therefore, was astandardized
procedure. The measured blood pressure was sent as amessage
to the mobile phone. Blood pressure measurements were also
graphically visible in the app. Participants with a mean systolic
home blood pressure above 135 mm Hg and/or 85 mm Hg for
diastolic home blood pressure during these dayswere considered
as possibly having hypertension and therefore referred to their
genera practitioner (GP) [13].

Statistical Analysis

Characteristics of the study participants are reported as mean
with standard deviation for continuous variables and as number
with percentage for categorical variables. We used Pearson’s
correlation coefficient to cal culate the correl ation between home
and study center blood pressure measurements. To investigate
agreement between study center and home blood pressure
measurements, we computed the mean and the difference in
study center and home blood pressure measurements and
visualized thisin a Bland-Altman plot.

Adherence was defined as the actual performance of all blood
pressure measurements within 1 week of the time point they
were expected to perform their measurements and for which
the participant received reminders through the mobile phone

http://mhealth.jmir.org/2016/2/e67/
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app. For each participant, we calculated the percentage of
adherence during follow-up. Difference in adherence between
the monthly and semimonthly measurement protocol was
assessed using aMann=Whitney U test. Inthis proof-of-principle
study, only participantswho completed the 6-month period were
used in the primary analysis. In a sensitivity analysis, we
included all participants who were included at baseline.

Weinvestigated the differencein blood pressure during thefirst
week and the final week after 6 months using a paired t -test.
For both blood pressure during the first week and final blood
pressure, we calculated the mean values of all blood pressure
measurements performed during the first and last week, with
day 1 of both weeks being discarded [13].

All analyseswere performed using SPSS (version 22.0.0, SPSS
Inc., Chicago, IL, USA).

Results

Baseline char acteristics

Figure 1 shows the inclusion flowchart of participants. A total
of 195 participants registered on the Web to participate. Of
those, 27 did not meet inclusion criteriaand 17 registered after
recruitment had been completed because of atime lag between
registration on the Web and baseline visits. Our study population
therefore included 151 participants. A number of 66 (43.7%)
participants were assigned to perform blood pressure
measurements at a monthly interval; 85 (56.3%) participants
were assigned to perform semimonthly blood pressure
measurements (Figure 1).

Baseline characteristics are shown in Table 1. Mean age was
57.3 (standard deviation [SD] 5.3) years, 107 (70.9%)
participants were female. Of all participants, 56 (37.1%) used
iPhone and 59 (39.1%) used Samsung. Mean systolic and
diastolic blood pressure measured at the study center was137.8
(SD 18.2) and 85.4 (SD 10.8) mm Hg, respectively. Participants
within the monthly protocol had a higher body mass index,
systolic blood pressure, and diastolic blood pressure at baseline
(Multimedia Appendix 1). A number of 32 (21.2%) participants
had a history of hypertension and used antihypertensive
medication, most commonly diuretics (15 participants [46.9%
of hypertensive participants]). This did not differ between the
monthly and semimonthly protocol.
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Table 1. Baseline characteristics of iVitality partici pants""*b

Demographics All participants (N=151)
Age (years) 57.3(5.3)
Female, n (%) 107 (70.9)
Body mass index 26.4 (4.0)

Highest education level, n (%)°

Low 16 (10.6)
Middle 44 (29.1)
High 88 (58.3)
Study center, n (%)
Academic Medical Center Amsterdam 55 (36.4)
Leiden University Medical Center 96 (63.6)
Type of phone, n (%)
iPhone 56 (37.1)
Samsung 59 (39.1)
HTC 15 (9.9)
Other 21(13.9)
Blood pressure
Systolic blood pressure (mm Hg) 137.8(18.2)
Diastolic blood pressure (mm Hg) 85.4 (10.8)
Heart rate (bpm) 67.2 (10.2)
Vascular risk factors, n (%)
History of hypertension 32(21.2)
History of diabetes mellitus 2(1.3)
History of Ml 4 (4.6)
History of arrhythmia 11(7.3)
History of heart failure 3(20)
Hypercholesterolemia 14 (9.3)
Current smoker 14 (9.3)
Antihypertensive medication, n (%)
Diuretics 15(9.9)
ACE inhibitors 6 (4.0)
Beta-blockers 11(7.3)
Calcium antagonists 6 (4.0)
Other 9(6.0)
No of antihypertensive medication, n (%)
1 21 (65.6)
2 or more 11 (34.9)

3Data represent mean (standard deviation) unless stated otherwise
bAbbreviations: MI, myocardia infarction; MM SE, mini-mental state examination.

®Missing datafor n=3 participants. Low: primary education, lower education, MAVO/MULO. Intermediate: high general secondary education (HAVO,
HBS), Preparatory Scientific Education (VWO), intermediate professional education (MBO). High: higher professional education (HBO), academic
education (university).
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Figure 1. Flowchart of study participants. * Reasons why participants did not meet in-/exclusion criteria were as follows: n=4 did not have the correct
software version of the mobile phone; n=6 did not have parentswith dementia; n=6 were on holidays during theinclusion period; n=7 were not interested
to participate after reading the study information; n=4 because of other reasons.
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M=2 health reasons
M=2 time reasons
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F

Completed FU
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Main findings

The association between study center and home blood pressure
during the first week is shown in Figure 2. The correlation
between study center and home measurements was high for
both systolic (R=0.72, P<.001) and diastolic blood pressure
(R=0.72, P<.001; panel A). Systolic blood pressure at the study
center was systematically 8.72 mm Hg higher (standard error
[SE] 1.08) and diastolic blood pressure was 5.81 (0.68) mm Hg
higher when compared with home blood pressure measurements
(panel B). The Bland-Altman plot shows that the difference
between the measurements was randomly distributed over the

http://mhealth.jmir.org/2016/2/e67/

h

Completed FU
M=rg

mean of the measurements, indicating that there was no
systematic biasin agreement between the study center and home
measurements. The 95% limits of agreement for the comparison
were —16.82 to 32.82 mm Hg for systolic blood pressure and
-9.71t0 21.33 mm Hg for diastolic blood pressure.

Adherence to the monthly and semimonthly blood pressure
measurement protocols is shown in Figure 3. In total, 12
participants did not complete follow-up: 5 (7.6%) participants
in the monthly measurement protocol and 7 (8.2%) participants
in the semimonthly measurement protocol. Median adherence
to perform blood pressure measurements was 71.4% (Figure
3). Participants performing semimonthly blood pressure
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measurements were more adherent (median adherence 71.4%)
when compared with participants performing monthly blood
pressure measurements (64.3%, P=.008). There was no
difference in adherence between participants who entered their
blood pressure measurements manually and participants who
used aBluetooth connection to transfer the measurements (data
not shown). Furthermore, a sensitivity analysis in which we
investigated the adherence of al 151 participants who were
included at baseline, showed similar results: adherence was
higher in participants who performed semimonthly blood
pressure measurements (median adherence 85.7%) when
compared with participants performing monthly measurements
(71.4%, P=.002; Multimedia Appendix 2). Discontinuation was
highest within thefirst weeks of follow-up for both measurement
protocols.

Wijsman et d

Table 2 presents the difference in final and initial home blood
pressure measurements. Among all participants, there was no
difference between final and initial blood pressure, for both
systolic (mean difference [SE] -1.30 [1.10] mm Hg, P=.240)
and diastolic (-0.90 [0.51] mm Hg, P=.081) blood pressure.
Therewere41 out of 151 (27.2%) participantswho werereferred
to their GP because of a high blood pressure, of whom 35
(85.2%) actually visited their GP. In referred participants, blood
pressure decreased significantly during the study, both systolic
(mean difference [SE] -5.29 [1.92] mm Hg, P=.011) and
diastolic (-2.93 [1.08] mm Hg, P=.012). Furthermore, no
difference was found between final and initial blood pressure
for both systolic and diastolic blood pressure between the
monthly and semimonthly protocol (data not shown). In 7 out
of 41 (17.1%) participants, blood pressure lowering medication
had been started or changed.

Table 2. Difference between thefirst and last home blood pressure measurement.®?

Systolic blood pressure

Diastolic blood pressure

First Last Diff. (SE) P-value First Last Diff. (SE) P-value
All partici- 128.22 126.92
pants® (1.45) (1.31) -1.30(1.10) .240 79.30(0.90) 78.40(0.73) -0.90(0.51) .081
By protocol
Monthly 128.23 128.15 -0.08(1.98) .968 80.08 (1.38) 78.87(1.18) -1.21(0.84) .156
measure- (2.25) (2.25)
ments, n=45
Biweekly 128.20 125.96 -2.25(1.20) .068 78.70 (1.20) 78.02(0.92) -0.67(0.64) .304
measure- (2.9 (1.54)
ments, n=58
By referral
Not referred, 122.61 122.59 -0.02(1.29) .987 76.71(0.91) 76.45(0.80) -0.25(0.56) .654
n=78 2.27) (1.28)
Referred, 145.72 140.43 -5.29(1.92) .011 87.22(1.66) 84.44(1.02) -2.93(1.08) .012
n=25 (1.96) (1.91)
Referredand  146.02 140.98 -5.04 (2.07) .023 87.22(1.66) 84.44(1.02) -279(1.17) .027
vistedGR,  (2.03) (2.00)
n=23
Referredand  153.73 141.62 -12.12 142 90.62 (2.64) 83.79(1.55) -6.83(2.29) .080
changed/start-  (3.93) (4.83) (6.65)
ed BP med.,
n=5

8Data represent the mean difference (standard error) in mm Hg of final and initial blood pressure.
bDiff, difference; SE, standard error; GP, general practitioner; BP, blood pressure.

“Missing data for n=48 participants.
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Figure 2. Association between blood pressure measurements at home and in the study center. Abbreviations: R, Pearson’s correl ation coefficient; SBP,
systolic blood pressure; DBP, diastolic blood pressure. Panel A showsthe home blood pressure (mean of two consecutive measurementsin both morning
and evening at day 2, 3 and 4, x-axis) and corresponding study center blood pressure measurements (mean value of two consecutive measurements,
y-axis) for each participant. Panel B shows the agreement between study center and home systolic and diastolic blood pressure measurements.
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Discussion

Principal Findings

This proof-of-principle study, in which we evaluated the
feasibility of home blood pressure measurements during a
6-month intervention period using mobile phone-assisted
technology, has 3 main findings. First, study center and home
blood pressure were highly correlated, although blood pressure
measured at the study center was systematically higher when
compared with home blood pressure. Second, adherence of all
participants to perform blood pressure measurements was high
and persisted during 6 months with better adherence in
participants measuring semimonthly compared with participants
who performed monthly measurements. Third, in participants
who werereferred to their GP because of ahigh blood pressure,
systolic and diastolic blood pressure decreased significantly
during the study, especially for those who started medication.

Our finding that systolic and diastolic blood pressure at the
study center was systematically higher when compared with
home blood pressure measurements is in line with previous
literature [22]. A well-known explanation for this is the
“white-coat effect,” meaning that blood pressure is higher
because of stress and anxiety that patients experience during a
clinical setting [22,23]. Literature shows that home blood
pressure measurements, instead of office or clinic blood pressure
measurements, are in fact a stronger prognostic indicator of
cardiovascular events and even have their own (lower) reference
values[12-14]. A participant-level meta-analysisincluding 5008
participants (mean age 57 vyears, not treated with
antihypertensive medication), showed that in participants with
an optimal office blood pressure (<120/<80 mm Hg), a 10-mm
Hg higher systolic home blood pressure increased the risk of
any cardiovascular event by nearly 30% [12]. In addition,
previous studies on cost-eff ectiveness show that compared with
usual care, home blood pressure monitoring is very useful for
reducing health care costs. In view of the low burden of
measuring and established treatment options, home blood
pressure monitoring could therefore be an important strategy
to further prevent cardiovascular complications, especialy in
people at risk [13].

Previous studies on adherence to perform home blood pressure
measurements show similar results to our findings [17,24]. In
astudy on telemonitoring including 213 hypertensive patients,
who were asked to measure their blood pressure at |east 6 times
a week during 6 months, mean adherence was 73% [17].
Another study including only patients with heart failure (mean
age 61 years) showed adherence of 55% [24]. Furthermore, in
this study, we found that participants using the semimonthly
measurement protocol showed higher adherence compared with
participants using the monthly measurement protocol. A possible
explanation could be that the fact that participants received a
reminder twice a month (instead of once amonth), might have
kept participants more engaged in the study and therefore
increased their adherence [19]. Furthermore, the burden of
measuring for 1 day every 2 weeks may have been perceived
lower than measuring during 2 consecutive days, albeit with
monthly intervals.

http://mhealth.jmir.org/2016/2/e67/

Wijsman et d

Home-based blood pressure measurements using mobile
phone-based technology may have several potential
opportunities. First, other parameters derived from repeated
blood pressure measurements, can easily be calculated,
especiadly in a home-based setting. An example of such a
parameter is blood pressure variability, of which we recently
showed its association with cognitive decline [25]. Second, the
combination with other parameters and measurements may
reveal additional targets for blood pressure control. Physical
activity, seep, and other lifestyle factors can be measured using
amobile phone. This offers the potential for interventions, for
instance aimed at increasing physical activity, that also
beneficially affect blood pressure. TheiVitality platform offers
the opportunity to assess these lifestyle factors. Third, mobile
phone-based technology might be a cost-effective alternative
in the control of hypertension. It was previously shown that
ambulatory blood pressure monitoring as a diagnostic strategy
for hypertension saves costs, mainly because additional costs
from ambul atory monitoring are counterbalanced by cost savings
from better targeted treatment [26]. As mobile phone-based
technology only requires a standard blood pressure monitor,
which is much cheaper when compared with an ambulatory
blood pressure monitor, we believeit hasthe potential of saving
health care costs.

In our study, blood pressure was lower at the end of follow-up
when the participant was referred to the GP because of a high
blood pressure at baseline. There are 2 possible explanations
for this finding. First, the decrease in blood pressure may be
the result of regression to the mean. This phenomenon occurs
when repeated measurements tend to be followed by
measurementsthat are closer to the mean. Although our baseline
measurements were defined on repeated blood pressure
measurements, it is still expected that the mean blood pressure
during follow-up will go down, owing to regression toward the
mean. Second, it may reflect a true effect of monitoring and
subsequent treatment of blood pressure. Blood pressurelowering
interventions by the GP and higher awareness of participants
may all have contributed to a lower blood pressure. Although
the fact that the effect on blood pressure was highest in those
who initiated medication suggests the second explanation, we
have not collected enough information on interventionsin this
proof-of-principle study to draw definite conclusions. An
adequately powered randomized controlled trial may help to
establish the effects of the interventions.

For this proof-of-principle study, we selected highly motivated
participants with aparental history of dementia. Thismay have
introduced a selection bias toward better adherence and
treatment effects, which reduces the external validity for other,
broader defined populations. The strength of this study is that
mobile phone technology was used to collect study data on
blood pressure. This innovative method reduces the need for
face-to-face contact and stimul ates sel f-management. Now that
this proof-of-principle study is promising, broader and larger
populations can be included in future studies.

Conclusions

This proof-of-principle study demonstrates that mobile
phone-assisted technology can be used as a reliable and
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promising method to measure blood pressure at home duringa  inlarge-scale studies and can potentially lead to blood pressure
6-month period. This providesapossibility for implementation  reduction and eventually reduction of cardiovascular disease.
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Abstract

Background: Diet and physical activity apps are two types of health apps that aim to promote healthy eating and energy
expenditure through monitoring of dietary intake and physical activity. No clear evidence showing the effectiveness of using
these apps to promote healthy eating and physical activity has been previously reported.

Objective: This study aimed to identify how diet and physical activity (PA) apps affected their users. It also investigated if
using apps was associated with changesin diet and PA.

Methods. First, 3 semi-structured focus group discussions concerning app usability were conducted (15 app users and 8 nonusers;
mean age 24.2 years, SD 6.4), including outcome measures such as motivations, experiences, opinions, and adherence. Results
from the discussionswere used to devel op aquestionnaire. The questionnaire, which contained questions about behavior changes,
app usage, perceived effectiveness, and opinions of app usability, was answered by 500 Norwegians, with a mean age of 25.8
years (SD 5.1).

Results:  App users found diet and PA apps effective in promoting healthy eating and exercising. These apps affected their
actions, health consciousness, and self-education about nutrition and PA; and were also a part of their socia lives. Over half of
the users perceived that apps were effective in assisting them to eat healthily and to exercise more. Diet apps were more effective
when they were frequently used and over a long period of time, compared to infrequent or short-term use (P=.01 and P=.02,
respectively). Users who used diet and PA apps, perceived apps as more effective than users who only used one type of app (all
P<.05). App users were better at maintaining diet and PA behaviors than nonusers (all P<.05). Young adults found apps fun to
use, but sometimes time consuming. They wanted apps to be designed to meet their personal expectations.

Conclusions: App usage influenced action, consciousness, self-education about nutrition and PA, and socidl life. It facilitated
maintaining a healthy diet and exercising more. Diet and PA apps of the future can be further strengthened by being tailored to
meet personal needs.

(JMIR mHealth uHealth 2016;4(2):€33) doi:10.2196/mhealth.5114

KEYWORDS
diet app; physical activity app; perceived effectiveness; behavioral changes

amount of health information through websites, social media,
and health apps [1]. Health apps provide information to users

Since the mainstream adoption of smartphones during the last  WWhenever and wherever they want, and are tools for users who
decade, consumers have since had easy accessto atremendous Nave @ goal to improve their health. Diet apps and physical
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activity (PA) appsare 2 types of health appsthat aim to promote
healthy eating and increased energy expenditure through
monitoring dietary intake and PA. Using apps to affect eating
behavior and PA behavior can be explained by the theory of
planned behavior [2,3]. This theory shows that behavioral
intention (eg, healthy eating, exercising) is driven by 3
constructs: attitudes towards the behavior, perceived behavioral
control, and subjective norms. Attitudes are users' positive or
negative evaluations of self-performance of the behavior.
Perceived behavioral control is users perceived ease or
difficulty of performing the behavior. Subjective norms are
users' perceptions of the behavior. Using apps may influence
users’ attitudestowards healthy eating or exercising, and it may
relieve difficulties related to users engaging in healthy eating
and exercise.

Many different types of diet and PA apps exist in app stores on
different platforms. Diet/caloric intake apps and PA apps
(fitness/training) are among the most popular in the "health and
wellness’ categories in app stores [4]. A diet app typicaly
requires users to manually register what they eat each day. It
converts food consumption into nutrition intake, summarizes
resultsin plots and graphs, compares resultswith nutrition goals,
offersnutrition and dieting information, and allows usersto add
their social network [5]. A PA app typically has GPS tracking
to record physical activities, such as walking, jogging, and
cycling. It also accurately records duration, frequency, and
intensity of activities through an integrated gyroscope and/or
accelerometer [6,7]. In addition, it calcul ates cal orie expenditure,
summarizes performance trends over time periods, and allows
usersto sharetheir performance with friends on social networks.

Up to now, studies on diet and PA apps have evaluated the
content of these apps and whether they were guided by relevant
theory, or followed nutritional recommendations [8-10]. More
research and evaluation is needed to show the perceived
effectiveness of using these apps on healthy eating or increase
in PA [11,12]. One approach is to evaluate how effective apps
are from the users' point of view, and if they believe that app
usage in general, independent of their detailed construction,
will actually result in an intended behavior. Perceived
effectiveness has been used for app evaluation [5]. It presents
the effectiveness of the information system (perceived by the
users [13]). This perceived effectiveness, thereby, reflects the
user’s self-assessment, and does not necessarily reflect actual
effectiveness[14]. In general, previous studies evaluated health
behavior change by using apps through qualitative methods[ 15]
or only focused on onekind of app [16,17]. Thisstudy included
both diet and PA apps, and evaluated perceived effectiveness
through both qualitative and quantitative methods.

The objectives of this study wereto identify how users perceive
that they are affected by app use, and to investigate whether the
use of apps was associated with improved diet and PA.
Outcomes would indicate the potential of diet and PA apps for
improving health.

Methods

This study used a combination of qualitative and quantitative
methods. Three semi-structured focus group discussions were

http://mhealth.jmir.org/2016/2/e33/
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conducted with 15 app users (2 groups) and 8 nonusers (1
group), with a mean age of 24.2 years (SD 6.4). Participants
discussed motivations for, experiences with, opinions about,
and adherenceto using health apps. The discussion resultswere
summarized for anumber of key topics, which weretransformed
into a questionnaire. The resulting questionnaire (Multimedia
Appendix 1) was answered by 500 Norwegians, with a mean
age of 25.8 years (SD 5.1).

Focus Group Discussions

Participants were students and staff at the Norwegian University
of Life Sciences. They wererecruited by email, and participated
voluntarily. Selection of participants aimed to obtain asufficient
sample size of both app users and nonusers. Two focus group
discussionswith 2 male app usersand 13 female app users, with
an average age of 22.3 years (SD 7.3), were conducted and
lasted 1.5 hours each. One focus group discussion with 6 male
nonusers and 2 female nonusers, with amean age of 24.8 years
(SD 4.2), was conducted and lasted 1 hour. Female app users
showed a higher interest in participating in focus group
discussions, so there were more femal e app usersthan male app
usersin the focus groups. The 23 participants had 15 different
university mgjors and lived in Akershus County and Oslo, near
the university. Participants received monetary compensation
for their participation (NOK 300/US $36). An experienced
moderator led all 3 focus group discussions. In addition, an
observer was present to take notes. The sessionswere videotaped
after consent was obtained from the participants.

Focus group discussions started with ageneral discussion about
being healthy. Participants talked about methods they used to
check health information and how they used health-related apps
on amobile phone, tablet, or computer. App operating systems
were amost exclusively Android and iPhone OS. Users shared
app usage motivation, goals, experiences, what they considered
to be apps pros and cons, and expectations for future apps.
Nonusers shared persona opinions about health apps, reasons
and barriersfor not using apps, and expectations for future apps.
This completed the discussion of whether using health apps
could help people keep healthy, and how to adapt future apps
to meet the needs of users.

Focus group discussions were transcribed and translated from
Norwegian to English. Key topicswere defined through indexing
and categorizing [18]. The key topics included duration of use,
adherence to using apps, goas, mativations, perceived
effectiveness, and barriers for using apps. Two types of health
apps were mentioned most frequently: diet apps and PA apps.
An app questionnaire was developed based on the key topics
derived from the focus group discussions, focusing on diet and
PA apps only.

App Questionnaire

A cross-sectional Web-based questionnaire (Multimedia
Appendix 1), aimed to assess dietary and PA changes and app
usage among Norwegian young adults, was distributed in April
2015 through a market anaysis company (Faktum
Markedsanalyse AS, Oppegard, Norway). Participants were
recruited by email from a national pool, and invited based on
their age, which ranged from 18 to 35 years old; they had a
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balanced sex distribution; and half were health app users, while
half were nonusers. Individual s participated voluntarily. Personal
attributes of the participants are shown in Table 1.

Thefirst question in the questionnaire was “ Have you used diet
apps or PA apps on a mobile phone, tablet, or computer during
thelast 12 months?’ Participants who had app usage experience
were categorized as users, and those who did not were
categorized as nonusers. The questionnaire consisted of 4 parts:
(1) questions about changes in dietary behavior and PA during
the last 12 months; (2) questions about using diet apps and/or
PA appsduring thelast 12 months; (3) questions about opinions
about using apps; and (4) general persona attribute questions.
Users answered all 4 parts. Nonusers answered parts 1, 3, and
4. Thisquestionnairetook 10-20 minutesto complete, depending
on whether subjectswere users or nonusers and how many types
of appsthey used.

Thefirst part of the questionnaire contained 10 questions about
dietary behavior and PA changes. This section was presented
first in the questionnaire before the app questions, to prevent
participants from being prompted about the effectiveness of
apps. Diet-related changes included paying attention to calorie
information, choosing healthier food (low-fat products and
mineral water instead of sweetened beverages), cooking at home
more than buying ready-made meals, and searching for food or
cooking information on the Internet or in books/magazines.
Physical activity-related changes included becoming a gym
member, having activity competitions, sharing information
about PA on social networks, and searching for activity-related
information on the Internet or in books/magazines. Participants
indicated whether they showed these behaviors before April
2014 (ie, 1 year before the questionnaire) and whether they
showed these behaviorsin April 2015 (ie, when they answered
the questionnaire). Four questions asked partici pants about their
goals and efforts to improve their diet and increase their PA in
thelast 12 months. A five-point scale (alot less, alittle bit less,
about the same, alittle bit more, alot more) was used to measure
their changes in food consumption and PA. Two questions
examined weight loss goals and weight change during the last
12 months.

The second part of the questionnaire contained 12 questions. It
first introduced general concepts of the apps and gave an
example of a diet app (“myfittnesspal”) and an example of a
PA app (“Moves’) [19,20]. Both apps were available for
Android and iOS. Then, participants were asked about their
duration and frequency of using the app in both the first and
last month (if they stopped using the app before the
guestionnaire), goals (single choice) and motivations for using
the apps, and perceived effectiveness of using diet and PA apps.
Thediet apps effectivenessin assisting usersto eat more low-fat
aternatives in place of dairy products, eat more fruit and
vegetables, eat less sausages, drink less sweetened beverages,
eat less fast food, and choose healthier food products was
evauated. These diet changeswereincluded based onthe Nordic
Nutrition Recommendations 2012, 5th edition [21]. The PA
apps' effectiveness in assisting users to increase time spent on
exercising, exercise more often, increase exercise intensity, and
diversify their activities was measured using a 4-point scale
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(very effective, somewhat effective, dightly effective, or not
effective).

The third part of the questionnaire contained 15 questions. A
7-point agree/disagree scale (disagree strongly, disagree
moderately, disagree dightly, neutral, agree dlightly, agree
moderately, or agree strongly) was used to measure participants
opinions about apps and barriers for using those apps. Barriers
included “it ishard to obtain information from apps,” “itistime
consuming to use apps,” and “the apps do not fit personal
expectations”

The fourth part of the questionnaire contained questions about
gender, age, living region, weight, height, marital status,
education, employment situation, yearly income, and food and
health concerns. Food and health concerns were examined with
the questions, “I am concerned about getting a lot of...
(calories/fat/sugar) in my food” and “1 am concerned about
gaining weight” using a 5-point scale, from “1 am extremely
concerned” (5) to “I am not concerned at al” (1) [22]. Based
on these questions, the survey had good reliability of responses
(Cronbach alpha=.85).

The questionnaire was pretested by 6 food researchers and three
master’s students from the Department of Chemistry,
Biotechnology, and Food Science, Norwegian University of
Life Sciences. Small amendments were made to ensure that the
guestionnaire was clear, concise, and user-friendly.

Analysis of Questionnaire Data

App usage among app users was described by 4 factors from
the questionnaire data: user type (users who used both diet app
and PA apps; users who used only one type of apps); duration
(0-1 months, 1-6 months, 6-12 months, or over 12 months);
adherence (lessfregquently, samefrequency, or morefrequently);
and goals. The goals for using diet apps were categorized into
4 types: to track food intake, to facilitate weight loss, to be
healthy, and other goals. The goals for using PA apps were
categorized into 4 types:. totrack PA, to do more PA, to facilitate
weight loss, and other goals. The perceived effectiveness of
using apps was categorized into effective, not effective, and do
not know. The behavior changes were summarized into 4
categories (maintain, develop, give up, or never have the
behavior) based on whether people had the behavior before
April 2014 and whether they till had the behavior in April
2015. Food and health concern scores were calculated and
participants were divided into 2 groups (high or low food, and
health concern). Weight status (underweight, normal,
overweight, or obese) was categorized based on body mass
index (BMI) calculations from the questionnaire data.

All statistical analyses were performed using the statistical
program R and R Commander version 3.2. Data were checked
for model assumptions. Multinomial logistic models (MLM)
identified associations between perceived effectiveness of using
apps and app usage. The model was perceived effectiveness =
user type (use both apps, or use only one type of apps) +
duration + adherence + goals. MLM also identified associations
between dietary behavior changes and app usage, association
between PA changes and app usage, and association between
weight change and app usage. The model was behavior changes
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= user type (use both apps, use only diet apps, useonly PA apps, were identified by chi-square tests to explain weight changes
or nonusers) + food and health concerns + weight status. among app users. Chi-square tests also identified associations
Chi-sguare tests identified differences among app user groups.  between app usage and opinions about apps.

Associations between app usage and food consumption changes

Table 1. Personal attributes of questionnaire participants (N=500).

Variable %
Sex Mae 50.0
Female 50.0
BMI 2 Underweight (<18.5) 4.4
Normal weight (18.5-24.9) 57.9
Overweight (25-29.9) 24.0
Obese (>30) 13.8
Living region Northern Norway 8.7
Mid Norway 133
Western Norway 28.0
Southern Norway 85
Eastern Norway 41.7
Employment situation Employed for wages 454
Self-employed 38
Unemployed 5.2
Staying at home 34
Student 35.6
In the military 12
Unable to work 54
Food and health concerns High concern about food and health 16.8
Low concern about food and health 83.2
Highest education Primary school 13.2
Secondary school 47.0
College or university up to bachelor 28.2
College or university up to master or PhD 11.6
Yearly income 0-200,000 NOK® 44.6
200,000-400,000 NOK 26.2
400,000-600,000 NOK 18.0
600,000-800,000 NOK 6.0
800,000-1,000,000 NOK 18
>1,000,000 NOK 34
Marital status Not married, without children 59.2
Not married, with children 6.6
Married or domestic partnership, without children 16.2
Married or domestic partnership, with children 15.0
Separated/Divorced/Widowed, without children 1.4
Separated/Divorced/Widowed, with children 16

aBMI: body mass index
b NOK: Norwegian Kroner
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Results

Focus Group Outcomes: A Model of Apps Effectson
Users

A model was summarized from the focus group discussions
(Figure1). It showed the influences of apps on users, according
to the focus groups, categorized into 4 themes. Overall, apps
offered an overview of how much one ate and exercised. For
instance, diet app users obtained nutritional information about
their daily consumptions of calories, carbohydrates, fat, and
protein. These apps summarized and evaluated users’ food
intake. For example, one user said the following:

The app told meiif | ate too few carbs relative to fat
or protein intake. [Female, 21 years]

Thus, by knowing their nutritional intake, users could adjust
their eating to reach their goal of a balanced diet. Meanwhile,
through this process, users gained experience and knowledge
of nutrition and healthy eating. Using apps influenced
self-assessment of diet, PA, and consciousness. Some users
reported that they felt good about themselves because of their
app usage, while other usersfelt stressed about using diet apps,
mainly because it was time-consuming to register al the food
items they consumed. Users felt that using apps could lead to

Wang et al

higher awareness of the nutritional content of food, and higher
awareness of and motivation for healthy eating and exercising.
There were 2 examples given by users, who summarized the
functions of diet and PA apps:

[You get] inspiration, information, [and] motivation
to make healthier choices and confirmation that you
have made the right choices, and guidance and tips
about new food. [Female, 19 years)

| have used an exercise app to get an overview of my
activity. | used it to get some graphsand so on. It was
motivating. [Male, 24 years)
Influence on social life was another key point in the discussion.
Usersreceived positive or negative feedback from their friends
or family. They could easily share the outcomes from apps on
the Internet, especially those from the PA apps.

Results of training are fun to share. [Male, 24 years]

Users could also be enrolled in a social network using apps,
such as weight loss or dieting groups. They could either make
new friends or strengthen relationships with old friends or
family. Sharing diet or exercise outcomes on the I nternet became
one important motivation for participants to continue using

apps.

Figure 1. Qualitative influences perceived by app users based on focus groups. Four themes were summarized from focus group discussions.

Influence on action:

Eating action

Physical activity action

Influence on social life:
Evaluation from others

Expand social network

User

4 )

Influence on self-
education:

Nutrition and physical
activity

Knowledge

and Experience

J

-

Influence on self-assessment an
consciousness:

Confidence
Awareness
Motivation

g )

http:/mhealthjmir.org/2016/2/e33/

JMIR mHealth uHealth 2016 | vol. 4 | iss. 2 |e33 | p.206
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Questionnaire Outcomes: Perceived Effectiveness of
Using Diet Apps

Overall, 186 diet app users and 192 PA app users answered the
guestionnaire, among whom 128 used both diet and PA apps.
In general, diet and PA app users felt that apps were effective
to facilitate their healthy food intake and activities. More than
half of the diet app users felt that diet apps effectively assisted
them to eat morefruit and vegetables (133/186, 71.5%), eat less
fast food (117/186, 62.9%), choose healthier food products
(117/186, 62.9%), and drink less sweetened beverages (106/186,
57.0%). Nearly half of diet app users found diet apps effective
in assisting them to eat more low-fat dairy products (91/186,
48.9%) and less sausages (88/186, 47.3%). The majority of PA
app usersfelt that PA apps effectively assisted them to exercise
more often (144/192, 75.0%) and increase the intensity of
exercises (139/192, 72.4%). Morethan half of the PA app users
found that PA apps were effective in assisting them to increase
time spent exercising (129/192, 67.2%) and diversify activities
(106/192, 55.2%)).

Per ceived Effectiveness of Diet Apps Influenced by
User Type, Duration, and Adherence

User type, duration, and adherence influenced perceived
effectiveness of eating less sausages (P=.03), eating more fruit
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and vegetables (P=.01), and eating more low-fat dairy (P=.02),
respectively. Goals did not influence perceived effectiveness.
App usage, duration, adherence, and goals did not influence
users perceived effectiveness of diet appsfor choosing healthier
food products, drinking |ess sweetened beverages, or eating less
fast food.

Users of both diet and PA apps had a higher probability of
reporting that diet apps effectively assisted them to eat less
sausages than users who only used diet apps, x21:4.2, P=.04
(Figure 2, Part A). Duration was associated with perceived
effectiveness of eating more fruit and vegetables. Users who
used diet apps for more than one month had ahigher probability
of reporting that apps were effective in assisting them to eat
more fruit and vegetabl es than users who used diet appsfor less
than one month (all P<.05, Figure 2, Part B). Adherence was
associated with perceived effectiveness of eating more low-fat
dairy. Diet app users, who had increased the frequency of using
appsinthe past 12 months, had ahigher probability of reporting
that apps were effective in assisting them to eat more low-fat
dairy than users who decreased their app usage frequency,

x%=11.1, P<.001, or userswho maintained the same frequency
of using apps, X*,=7.4, P=.007 (Figure 2, Part C).

Figure 2. Percentages of different diet app user categories and their evaluation of the effectiveness of using diet apps to assist their food intake.

A. Perceived effectiveness of using diet apps to eat
less sausage by user type.
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C. Perceived effectiveness of using diet apps to eat
more low-fat dairy by frequency.
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B. Perceived effectiveness of using diet apps to eat
more fruit and vegetables by duration.
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Per ceived Effectiveness of Using PA Apps I nfluenced
by App Usage and Goals

App usage influenced the perceived effectiveness of diversifying
physical activities (P=.003). Duration of and adherenceto using
apps did not influence users’ perceived effectiveness of PA
apps. Goals influenced perceived effectiveness for increasing
time spent exercising, exercising more often, increasing intensity
of exercises, and diversifying activities (all P<.05).

App usage was associated with perceived effectiveness of

diversifying activities. More users of both diet and PA apps
reported that PA apps effectively assisted them to diversify

activities than did those who used only PA apps, x%=12.2,
P<.001. Goals were associated with perceived effectiveness of

Wang et al

using PA apps (Figure 3). PA app users with agoal to do more
PA or to lose weight had a higher probability of reporting that
apps were effective in assisting them to increase time spent on
exercising, than did users who only wanted to track their PA
(P=.009 and P=.046, Figure 3, Part A). PA app users who had
agoal to do more PA had a higher probability of reporting that
apps were effective in assisting them to exercise more often or
to diversify their activities than users who had a goal to track
their PA (both P=.02) or who had other goals (P<.001 and
P=.005, Figure 3, Parts B and D). More PA app users who had
agoa to do more PA, to reach a weight loss goal, or to track
PA, reported that apps were effective in assisting them to
increase the intensity of exercises than did userswho had other
goals (al P<.05, Figure 3, Part C).

Figure 3. Percentages of PA app users with different goals and their evaluation of the effectiveness of using PA appsto assist their physical activities.

A. Perceived effectiveness of using PA apps to
increase time spent exercising by goals.
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increase intensity of exercises by goals.
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B. Perceived effectiveness of using PA apps to
exercise more often by goals.
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D. Perceived effectiveness of using PA apps to
diversify the activities by goals.
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Dietary and Physical Activity Behavior Changes and
Weight Change Associated With App Usage

Dietary Behavior Changes | nfluenced by App Usage

App usage was associated with the following dietary behavior
changes: choosing low-fat products, choosing mineral water
instead of sweetened beverages, paying attention to calorie
information, and searching for information about food and
cooking (all P<.05, Figure 4A). App usage did not influence
the behavior change of cooking at home instead of buying
ready-made meals. Food and health concerns were associated
with paying attention to calorie information and cooking at
homeinstead of buying ready-made meals (P<.001 and P=.03).
Weight status was not associated with dietary behavior changes
(all P>.15).

http:/mhealthjmir.org/2016/2/e33/
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App users had a higher probability of maintaining the behavior
of choosing low-fat products instead of ordinary products
compared to nonusers (all P<.05, Figure 4A1). Users of both
diet and PA apps had a higher probability of maintaining the
behavior of choosing mineral water instead of sweetened
beverages compared to nonusers (x%,=11.4, P<.001, Figure
4A2). Diet app users—who used both diet and PA apps or only
diet apps—had a higher probability of maintaining the behavior
of paying attention to calorie information than nonusers (both
P<.001, Figure 4A3). Those who used only PA apps had a
higher probability of maintaining the behavior of searching for
information about food or cooking on the Internet, or in books

or magazines, than nonusers ()(21:6.4, P=.01, Figure 4A4).
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Figure4. Percentages of dietary behavior change and physical activity behavior change among different participants (use both apps, use diet apps, use
PA apps, and nonusers). A1-A4. Dietary behavior changes. B1-B4. Physical activity behavior changes.
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Physical Activity Behavior Changes I nfluenced by App
Usage

App usage was associated with changes in PA including
becoming agym member, having competitionswith friendsand
family members, sharing pictures or messages related to
exerciseson asocial network, and searching for PA information
onthe Internet or in books or magazines (all P<.05, Figure 4B).
Food and health concerns, as well as weight status, were
associated with the PA behavior change of having competitions
with friends or family members (P=.009 and P=.02). Food and
health concerns, and weight status, were not associated with
the other PA behavior changes.

Users of both diet and PA apps had a higher probability of
becoming gym membersthan nonusers (x%,=7.2, P=.007, Figure
4B1), and a higher probability of giving up having PA (eg,
running, skiing) competitions with friends or family members
than nonusers (x21=6.3, P=0.01) and those who only used PA

apps (x21=13.1, P<.001, Figure 4B2). They also had a higher
probability of continuing to share pictures or messages related
to their exercises on a social network than nonusers (x,=7.1,
P=.007, Figure4B3). Those who used only PA apps had ahigher
probability of continuing to search for PA information on the
Internet, or in books or magazines, than those who used both
diet and PA apps ()(21:4.1, P=.04) or nonusers (x21:16.8,
P<.001, Figure 4B4).

Weight Change | nfluenced by App Usage

App users and nonusers differed in their weight change
(P=.001). Food and health concerns and weight status did not
affect weight change. Those who used both diet and PA apps

Wang et al

and those who used only diet apps had a higher probability of
weight loss during the last 12 months compared to nonusers
(P<.001 and P=.01) and users who used only PA apps (P=.001
and P=.03). Diet app users ate more fruit and vegetables and a
lower total amount of food during the last 12 months compared
to PA app usersand nonusers (P=.04 and P=.002, respectively).
There was no significant difference in low-fat food, processed
meat, sweetened beverage, and fast food consumption between
PA app users and nonusers (all P>.1).

Opinions About Apps

Both app users and nonusers provided their opinions about the
apps (Table 2). In sum, 339 out of 500 participants (67.8%)
thought that mobile phones, tabl ets, or computerswere easy for
them to use and they liked using them; and 319 out of 500
participants (63.8%) felt apps were not hard for them to
understand. Half of the participants thought it was not hard to
obtain information from apps, and only 143 out of 500
participants (28.6%) thought it wastime consuming to use these
apps. In total, 160 out of 500 participants (32.0%) felt it was
fun to use apps.

Generally, the app users had positive opinions about using health
apps. Their opinions were more positive than nonusers
perceptions of app usage. Comparing to nonusers, there were
more app users who agreed with opinions that they were
concerned about health, and so they wanted to use health apps
and found it fun to use them (both P<.001). More app users
disagreed with opinions that apps could not help them to be
healthy, that it was hard to get information from apps, that it
was time consuming to use apps, or that they could not find an
app that fit their expectations, compared to nonusers (all
P<.001).

Table 2. Opinions about apps—percentages of disagreement/agreement with nine statements about health apps (N=500).

Opinions Disagree Disagree moder-  Disagree Neutral Agree Agreemoderately Agree
strongly ately slightly slightly strongly

| like to use smartphones, tablets, or 6.4% 3.8% 4.2% 17.8% 12.2% 15.8% 39.8%

computers.

It is easy for me to use smartphones, 3.6% 3.8% 3.4% 14.4% 9.4% 13.2% 52.2%

tablets, or computers.

It is hard for me to understand how 37.0% 16.6% 10.2% 25.6% 6.2% 2.6% 1.8%

health-related apps work on smart-

phones, tablets, or computers.

| am concerned about my health, so | 28.8% 13.8% 7.4% 30.2% 12.0% 5.8% 2.0%

want to use health-related apps.

I think health-related apps cannot help  14.8% 13.4% 18.0% 31.0% 9.2% 8.0% 5.6%

me to be healthy.

Itishard for meto get information from 17.2% 19.2% 13.6% 38.2% 7.6% 1.6% 2.6%

health-related apps.

It istime consuming for me to use 11.2% 11.6% 15.2% 33.4% 18.0% 6.6% 4.0%

health-related apps.

| find it fun to use health-related apps.  10.6% 7.6% 9.0% 40.8% 15.8% 11.6% 4.6%

| cannot find ahedlth-related app that ~ 12.2% 9.2% 10.8% 48.4% 11.2% 4.8% 3.4%

fits my expectations.
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Discussion

Principle Findings

This study suggests that users find diet and PA apps effective
in promoting healthy eating and more exercise through effects
on their actions, health consciousness, self-education about
nutrition and PA, and socia life. Apps were particularly
effective when they were used frequently and over along period
(eg, more than 1 month). App usage was also associated with
actual self-reported behavior, particularly maintenance of
healthy behaviors, and also, depending on the goal, adoption
of new behaviorsin the case of PA apps.

In the focus group, users and nonusers discussed and eval uated
the apps’ influence on diet and PA. Users reported that using
apps influenced eating and exercising. Based on responses to
the questionnaire, they perceived that they ate healthier foods
and exercised more when using apps. A previous qualitative
study showed that users considered an app’s ability to record
and track behavior and goalsasvaluable[23]. By recording and
tracking food intake and physical activities, apps give feedback
to userson how well they are doing in reaching their goals. One
study reported that feedback significantly increased users
motivation to engage in PA [24]. Apps act as a reminder or
evaluator for users. They also give suggestions and alternatives
related to dieting and exercising that aim to help users achieve
their goals. In the focus group discussions, users felt more
confident about themselves when they experienced success in
healthy eating and increased exercising. Frequent use over time
can result in positive evaluation of self-performance, and in
response, an improved attitude towards the behavior (in this
case healthier eating or increased exercising), particularly when
the app has options to show users their progress over time.
Increased knowledge and awareness, which often were brought
up in the focus groups, can make it easier for users to perform
abehavior, and thusincrease perceived behavioral control. Users
also experienced interactions between social networks and app
usage, which may in turn affect social norms. They received
both positive and negative comments and feedback from friends
and family members, and sometimes even used apps together
with friends, which facilitated sharing of outcomes. Based on
the theory of planned behavior, using apps influenced all three
constructs (attitudes towards the behavior, perceived behavioral
control, and subjective norms), which strengthened the behavior
intention. The stronger the intention, the more likely it was that
users would execute a healthy behavior [25]. In this study, app
users perceived that apps were effectivein facilitating their food
intake and activity. Results from this study showed that diet
apps could be effective in promoting usersto follow the Nordic
Nutrition Recommendations, and PA apps could be effective
in promoting users to increase duration, frequency, intensity,
and diversity of exercise. Using apps strengthened users
intentions and behavior performance.

The findings of this study support the concept that app usage
can expand eHedlth literacy. eHealth literacy reflects people's
ability to seek, find, understand, and appraise health information
from electronic sources and apply that knowledge to make a
health-related decision [ 26]. Users explored eHealth information

http://mhealth.jmir.org/2016/2/e33/
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through the apps. By seeking, understanding, and appraising
eHealth information, they processed it to guide their actions.
At the same time, limited eHealth literacy can preclude some
populations from accessing health information. Prior research
has shown that individuals education, health status, and
motivation influences eHealth literacy [27]. Furthermore,
younger and more educated people have higher eHealth literacy
than their counterparts [28]. However, in general, users find
apps easy and convenient to use[29,30]. Thesefindings coincide
with those of this study, in that half of the survey population
thought it was not hard to obtain information from apps.

Since using apps could strengthen behavioral intention and
expand eHealth literacy, this study also examined whether using
appsled to self-reported health behavior changes during the last
12 months. Health behavior change is a central objective of
health promotion, and new health behaviors are often not
maintained [31,32]. Results of the questionnaire showed that
app usage was associ ated with maintenance of healthy behaviors.
App users continued to choose low-fat products instead of
high-fat alternatives and mineral water instead of sweetened
beverages, and continued to look for diet-related and PA-rel ated
information more often than the nonusers. Using apps advanced
self-regulation skills and ability, and supported usersto engage
in healthy behaviors [33]. In addition, over 66.7% (128 out of
192) of the app users used both diet and PA apps, and monitored
both food intake and energy output. These individuals
maintained health behaviors better than those who only used
diet or PA apps. Future studies could provide detailson therole
of combined app usage in changing health behaviors, to give
more specific advice.

In this study, there was no direct evidence showing arelationship
between app users' perceived effectiveness of using apps and
their actual health behavior changes. This study had a few
examples showing a weak link between perceptions and
behavior. For example, morethan half of the app users perceived
that PA apps effectively assisted them to be active; meanwhile,
this group of people had a higher probability of becoming a
gym member as an actual behavior. However, perceptions may
not always match behaviors. The relationship between perceived
effectiveness of using apps and actual behavior change needs
further evaluation.

Users reacted in various ways toward the apps. According to
the questionnaire, 97 out of 500 participants (19.4%) agreed
that they could not find an app that met their expectations.
Further development of diet and PA apps could involvetailoring
to match requirements on a personal or subgroup level, such as
for teenagers, young adults, middle-aged adults, or older adults.
These subgroups differ in knowledge, experience, health
situations, and goals. Each user has individual needs, so
personalization of apps is necessary. Tailoring apps to meet
personal needs has been discussed and suggested in previous
studies[23,34,35]. Inthis study, in the focus group discussions,
some users complained that they had difficulty finding
Norwegian brands and foods in diet apps, since most were not
devel oped based on the Norwegian food market. Both usersand
nonusers mentioned that tailoring appsto fit personal interests
would be agood ideafor the future devel opment of apps. Thus,
users would benefit more if apps were tailored to their
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expectations and personal needs. Meanwhile, since nonusers
perceptions of app usage were less positive than users in this
study, tailoring apps to fit nonusers’ needs may increase their

Wang et al

inthisstudy may bealimitation, and larger sample sizes should
be implemented in future work.

Conclusions

interest in using apps.
Using diet and PA apps influenced actions, consciousness,

self-education about nutrition and PA, and social lives of users.
App usage facilitated healthy eating and increased exercising,
aswell asthe maintenance of healthy behaviors. The appswere
considered fun to use; however, some (eg, dietary apps) were
time-consuming. Future apps could betailored to meet personal
needs, and future studies could use app tracking datato measure
actual food consumption and PA changesrather than perceived
changes through self-reports.

This study evaluated perceived effectiveness and self-reported
behavior changes associated with app usage through a
guestionnaire. It revealed the effects of apps on healthy eating
and exercising; however, these effects were not validated in a
randomized controlled trial. Future studies should evaluate the
strengths of the reported effectsin randomized controlled trials
with adequately powered sample sizes. The sample population
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Abstract

Background: European adolescents and students tend to have low levels of physical activity and eat unhealthy foods, and the
prevalence of overweight and obesity has increased, which poses a public health challenge. Mobile apps play an important role
in their daily lives, suggesting their potential to be used in health-promoting strategies.

Objective: Thisreview aimed to explore how mobile apps can contribute to the promotion of healthy nutrition, physical activity,
and prevention of overweight in adol escents and students. For the appsidentified, the review describes the content, the theoretical
mechanisms applied, and lessons learned.

Methods: The databases Scopus, MEDLINE, Embase, and PsycIlNFO were searched for English-language publications from
January 2009 to November 2013. Studieswere included if (1) the primary component of the intervention involves an app; (2) the
intervention targets healthy nutrition, or physical activity, or overweight prevention; and (3) the target group included adolescents
or students (aged 12-25 years).

Results: A total of 15 studies were included, which describe 12 unique apps. Ten of these apps functioned as monitoring tools
for assessing dietary intake or physical activity levels. The other apps used a Web-based platform to challenge users to exercise
and to allow usersto list and photograph their problem foods. For 5 apps, the behavioral theory underpinning their development
was clearly specified. Frequently applied behavior change techniques are prompting self-monitoring of behavior and providing
feedback on performance. Apps can function self-contained, but most of them are used as part of therapy or to strengthen school
programs. From the age of 10 years users may be capable of using apps. Only 4 apps were devel oped specifically for adol escents.
All apps were tested on a small scale and for a short period.

Conclusions: Despite large potential and abundant usage by young people, limited research is available on apps and health
promotion for adolescents. Apps seem to be a promising health promotion strategy as a monitoring tool. Apps can enable users
to set targets, enhance self - monitoring, and increase awareness. Three apps incorporated social features, making them “social
media,” but hardly any evidence appeared available about their potential.

(JMIR mHealth uHealth 2016;4(2):€39) doi:10.2196/mhealth.3559
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Introduction

The lifestyle of European adolescents and students poses a
serious public health challenge. Adolescents and students tend
to havelow levels of physical activity and eat unhealthy foods.
In addition, the prevalence of overweight and obesity within
this group has increased in many countries. A study that
monitored the physical activity of children and adolescents at
ages 9, 11, 12, and 15 years found that physical activity levels
decreased as children enter adolescence [1]. The Health
Behavior in School-aged Children 2009/2010 survey showed
that young people in Europe prevalently skip breakfast and
consume increasing amounts of soft drinks and less amounts of
fruits between ages 11 and 15 years [2]. Furthermore, the
prevalence of overweight, including obesity, among 11-year-old
European children ranged from 5% to more than 26% in some
countries [2]. The annual overweight rates are increasing
continuously, which demonstrates the need for public
intervention [3].

Mobile apps seem to be promising toolsto help peopleimprove
their health [4]. Apps are software applications that enable
programs to run on smartphones. Because smartphones can be
used anywhere and at any time, they can potentially reach many
people and can offer good opportunities to contribute to health
promotion and health protection. They can be particularly
beneficial in reaching adolescents and students. In 2012, 56%
of Dutch adolescents (12-15 years old) [5,6] and 78% of Dutch
students (16-25 years old) owned a smartphone [7]. Young
people and middle-aged adults use their smartphones more often
than older adults. A total of 58% of Europeans aged 16-24 years
use mobile Internet compared with 36% and 12% of the
population aged 25-54 years and 55-74 years, respectively [8].

Aninteresting question iswhether apps can be applied in health
promotion for adolescents and students. Additionally, it would
be beneficial to know how mobile apps can be used effectively
in health promation. So far, little research has been published
about their effectiveness in health promotion [9]. Crutzen et al
[10] found that Web-based interventions embedded in existing
structures, such as health care or schools, are more effective
compared with Web-based interventions alone. Furthermore,
evidence indicates that effectiveness of health promotion
interventions al so depends on the extent to which they are based
on theoretical mechanisms for changing behavior [11,12].

Theory-based interventions use one or more theories during
their development [13]. Several theories have been proposed
that can predict and explain human behavior. For example, the
theory of planned behavior describes 3 factors, namely, attitude,
subjective norm, and perceived behavioral control, that have an
influence on an individual's intention to perform a given
behavior [14]. Ajzen [14] stated that the stronger the intention
to engage in a behavior, the more likely should be its
performance. Another classic model is the transtheoretical
model, the usefulness of which has been investigated for decades
[15]. The model assesses an individual's readiness to adopt a
new healthier behavior and describes strategies or processesto
guide the individua through the stages of change, from
precontemplation to action and maintenance.

http://mhealth.jmir.org/2016/2/e39/
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Abraham and Michie[16] devel oped ataxonomy of 26 generally
applicable behavior change techniques. The behavior change
techniques are based on 6 behavior change theories:
information-motivation-behavioral skills model, theory of
reasoned action, theory of planned behavior, social cognitive
theory, control theory, and operant conditioning. Thistaxonomy
is useful in determining which techniques are applied in apps
that are aimed at changing lifestyle [13] and hence to identify
techniques that have been used with success, to develop better
apps in the future, and to identify potential gapsin literature.

The purpose of this review was to provide insight into how
mobile apps can contribute to the promotion of healthy lifestyles
among adolescents and students. We provide an overview of
apps that have been devel oped (al so) for adolescents or students
with the aim of improving health, by promoting healthy
nutrition, physical activity, and preventing overweight and
obesity. For the apps that have been identified, we describe
which theoretical mechanisms were applied during the
devel opment of the apps, and we summarizethe lessons|earned.

Methods

Inclusion and Exclusion Criteria

Only publications written in English were included.
Furthermore, studieswereincluded if (1) the primary component
of the intervention involves a mobile app and this mobile app
is dready developed; (2) the intervention targets heathy
nutrition, or physical activity, or overweight prevention; and
(3) the focusis on adolescents and students (aged 12-25 years).
Studies that also included people outside this age range (eg,
18-30 years) wereincluded because these studies could provide
valuable information regarding the primary target group. The
articles were read carefully for age-specific information. The
inclusion criteria for healthy nutrition include, among others,
eating more vegetables and fruits, reducing soft drink or
increasing water consumption, and reducing snack consumption.
The applied methodol ogy of the studies, for example, to assess
effectiveness, was not an inclusion criterion because this was
not relevant for answering parts 1 and 2 of the research questions
(ie, the overview of existing apps and their theoretical bases).
For the third part, the lessons learned, thisis of relevance, and
we mention the research methodology in that section of the

paper.

Studieswere excluded if researchersdid not devel op the mobile
app described, if researchers did not focus on mobile apps, or
if the app was used for data collection for research purposes
(monitoring). Studies were included when data collection was
applied with the intention of changing behavior. For example,
the app served as atool that was meant to increase awareness,
arelevant step during the process of changing behavior. Other
exclusion criteria were apps developed for a specific group of
peoplewith a health-related condition (patients with congenital
heart disease or diabetes) and studies that focused on other
preventive health issues, such as sport injuries and al cohol abuse.

Search Strategy

The research databases Scopus, MEDLINE, Embase, and
PsycINFO were searched for publications from January 2009
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to November 2013 (Scopusand MEDLINE November 14, 2013;
Embase, MEDLINE, and PsycINFO November 27, 2013). It
was decided to include studies since January 2009 because the
Apple App Store was opened in July 2008. For Scopus, the
following search string was used: (((“mobile phone*” OR “smart
phone*”OR “smart-phone*”) AND (“app” OR “apps’ OR
“application”)) AND (TITLE (physica* OR heathy OR
overweight OR nutrition® OR exercise*))) AND
(TITLE-ABS-KEY-AUTH (adolesc* OR young* OR school*
OR teenager*)) AND (LIMIT-TO (DOCTYPE, “a”) OR
LIMIT-TO (DOCTYPE, “re")). The following search terms
were used for Embase, MEDLINE, and PsyclNFO (November
27, 2013): smartphone (smart phone*, mobile phone*, game,

Figure 1. Search strategy.
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games, gaming, mobile (all in title), phone, phones, android),
exercise, sports, physical activity, food, body weight, nutrition,
adol escent, young adult, youngster, teenage* , and mHealth. The
extensive search strategy is shown in Multimedia Appendix 1.
The first search in MEDLINE was dlightly different from the
second because it did not include the term game (games,
gaming), fewer terms were used concerning health behaviors
(sports, physical activity, nutrition), and it added the term
telemedicine (MultimediaAppendix 2). These searchesresulted
in 199 unique studies (Figure 1). To obtain additional eligible
studies, the reference lists of relevant studies and reviewswere
searched. As a result, 4 more studies were added. Figure 1
illustrates the search and selection process.

Search 1: 14-11-2013

Search 2: 27-11-2013

Studies identified Studies identified

double)

Studies identified

through database through database through database through database through database
search: search: search: search: search:
Scopus n =47 Medline n = 55 Medline n = 38 Embase n = 54 PsycINFO

{75 minus 20 n=27

Studies identified Studies identified

\/

Records after duplicates
removed
N=199

Additional records identified
through researching
reference lists (snowhball
citect)

N=4

e

Eligible studies

N=T8

Eligible hist: see appendix 3

Exclusion criteria (in total 125):

Publication is not English (n=2)

The study is a review (n=11) (reference lists were
checked for additional records)

Study does not involve a mobile application (n=110)
The study is published before January 2009 (n=2)

Studies included in review
N=15
(Eligible list: appendix 3)

Exclusion criteria (in total 63):

App 1s not aimed at health promotion (n=4)
Study does not focus on the 3 health topies (n=2)
Target group is adults (n=22)

Target group is patients (diabetes, ALS) (n=7})

App 1s only used for momtoring (n=11)
The researchers did not develop a mobile application

Apps:

12

(n=§)

Combination of above stated reasons (n=9)

Data Extraction and Synthesis

On the basis of title, 203 studies were screened. A total of 125
studieswere excluded because they did not match thefollowing

http://mhealthjmir.org/2016/2/e39/

RenderX

criteria the study was not written in English (n=2), the study
was areview (n=11; reference listswere checked for additional
studies), the article did not involve a mobile app (n=110), and
the study was published before January 2009 (n=2). Thereafter,
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abstracts and, in some cases, entire studies were read. Studies
were excluded based on target group (adults n=22, patientsn=7),
aim of the app (not part of a health promotion strategy n=4,
only monitoring for research purpose n=11), topics addressed
in the app (n=2), and a combination of these exclusion criteria
(n=9). Furthermore, studies were excluded if the primary
component of the intervention did not involve a mobile app or
the mobile app was not developed by the researchers (n=8).
Eventually 15 studieswereincluded. Information of theincluded
studies was extracted into a structured summary table. This
table was not ordered by study, but by the apps, because thisis
the focus of this review. Some studies described several apps
and some apps were described in several studies. Information
of interest wasinformation about the target group, study design,
health topic, aim of the app, working mechanism of the app,
mode of delivery, and use of theories and behavior change
techniques (Tables 1 -3).

The taxonomy developed by Abraham and Michie [16] was
applied to determine the use of behavior change techniquesin
the apps. Data were extracted from the app description in the
studies by two researchers (DD and WB). Subsequently, these
findings were discussed and are described in Table 3. For
example, we decided to assign behavior change technique 12,
“prompt self-monitoring of behavior,” when the app asked users
to self-monitor their physical activity or daily intake. In all
cases, this behavior technique appeared to be combined with
behavior change technique 13, “provide feedback on
performance” because—according to Abraham and
Michie—this is aready the case when the app provides
summaries about reported behavior. We considered it to be
relevant to distinguish between providing summaries only and
providing evaluative feedback concerning the reported behavior
and whether thisisin line with goals or guidelines or not; for
example, the recommended amounts of fruit and vegetable
intake per day. This distinction is indicated in Table 3. Also
with respect to technique 10, “prompt specific goal setting,” we
made a distinction and specified whether this concerned
individual goal setting or whether goal setting was predefined
and based on relevant public health guidelines. If an online
buddy was part of the design of the app, then we allocated
behavior change technique 20, “plan social support or social
change”

Results

Mobile App Characteristics

The 15 included studies describe 12 appsin total (Table 1). All
studies were published since 2010 and Western research
institutes developed the apps; 7 studies had been conducted in
the United States, 4 in Australia, 2 in the United Kingdom, and
2 in Germany.

Two apps strove for increased physicdl activity levelsby making
the users aware of their daily amount of physical activity and

http://mhealth.jmir.org/2016/2/e39/

Dute et al

by encouraging usersto exercise. Eight apps aimed for dietary
improvements, and 2 apps targeted both topics. Regarding
dietary improvements, the apps focused on increased fruit and
vegetable intake, reduced consumption of sugar-sweetened
drinks, reduced excessive intake of fast food, monitoring all
foods and beverages consumed, and defining problem foods.

Table 1 presentsthe reach and duration of usage of apps. Reach
represents the number of users of apps. Some apps focused
especially on participants at high risk of becoming overweight
or obese (ePASS, eVIP, eSIYP, eTIY P) or participantswho are
overweight (W8Loss2Go, MoSeBo/DiaTrace). Four apps
focused specifically on users aged 11-18 years (Ak-Shen,
FRapp, App-Hongu, MoSeBo/DiaTrace) and some studies also
included participants older than 25 years (MMM, ePASS, eV IR,
eSlYP, eTIYP). The duration of app usage varied from 1 lunch
and meal (CHAT) to 6 months (MMM).

Ten apps function as monitoring tools for assessing dietary
intake or physical activity levels (Table 2). Assessing dietary
intake is either done by an app that analyzes pictures taken
before and after food and beverages are consumed by users
(CHAT, MoSeBo/DiaTrace, Recaller, FRapp) or by
self-monitoring what users have eaten (eVIP, eSIYP, eTIYP,
MMM). Intermsof physical activity, users can specify thetype
and intensity of the activity (ePASS, App-Hongu) or the apps
measure the physical activity levelswith a built-in sensor, such
as apedometer or accelerometer (MoSeBo/DiaTrace).

Two apps have a different approach. The Ak-Shen app uses a
Web-based platform that challenges users to execute activities
and to share thisinformation with others. Users can upload this
information with Global Positioning System (GPS) and camera
features that are included in the app. W8L0ss2Go focuses on
compulsive overeating by allowing usersto list and photograph
their problem foods and to set targets in order to tackle this
problem.

Regarding the broader context surrounding the apps, most apps
are applied as part of a prevention program. The apps ePASS,
eVIP, eSIYR and eTIYP are part of TXT2BFiT, a healthy
lifestyle program, which consists of a booklet, a Web site,
community blogs, text messages, emails, and the appsto monitor
several health conditions. The CHAT app is aso part of a
broader program in which students are supported by text
messages. MoSeBo/DiaTrace is integrated in a structured
treatment and teaching program (STTP). The app is used to
assess physical activity levels and eating habits. W8L0oss2Go
can be used as part of atherapeutic program for obese children.
Ak-Shen is implemented at school as part of a physica
education class. App-Hongu contributes to a broader
intervention strategy that promotes walking via a Web site
containing asocial element; that is, youth register asteamsthat
can compete with each other. Other apps function on their own
(MMM) or the broader context isnot clearly described (Recaller,

Frapp).
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Table 1. Characteristics of mobile apps.

Dute et al

Topic (nutrition, physical
activity): aim of the app

Described in the following

study/studies (first author, year,

country)

Reach (participants characteristics)

Duration of the usage

No. Mobile app
1 ePASS

2 eVIP

3 eSIYP

4  €TIYP

5  CHAT (Tech-
nology Assisted
Dietary Assess-
ment (TADA)
Project)

6 MoSeBo/Dia
Trace

7 Ak-Shen app
(part of i-Chal-
lenge! program)

8 MMM (My
Meal Mate)
9 Recaller?

10 w8Los2Go®

Physical activity: increase
physical activity level.

Nutrition: increase fruit and
vegetable intake.

Nutrition: reduce consump-
tion of sugar-sweetened
drinks.

Nutrition: reduce excessive
intake of high-fat takeout
(fast-food) meals.

Nutrition: increase fruit and
vegetable intake, reduce
junk food intake.

Nutrition, physical activity:
weight reduction or stabiliza-
tion.

Nutrition, physical activity:
increase physical activity,
fruit and vegetable consump-
tion, nutrition knowledge,
motivation.

Nutrition: weight loss by
self-monitoring of food and
drink intake.

Nutrition: raising awareness
of dietary intake and eating
pattern.

Nutrition: weight loss by
identifying problem foods.

Hebden, 2012, Australia[ 17]

Hebden, 2013, Australia[ 18]

Hebden, 2012, Australia[ 17]

Hebden, 2013, Australia[ 18]

Hebden, 2012, Australia[ 17]

Hebden, 2013, Australia[ 18]

Hebden, 2012, Australia[ 17]

Hebden, 2013, Australia[ 18]

Kerr, 2012, Australia[ 19]

Zhu, 2010, USA [ 20]

Six, 2010, USA [ 21]

Six, 2011, Australia[ 22]

Schiel, 2012, Germany [ 23]

Schiel, 2010, Germany [ 24]

Mosqgueda, 2012, USA [ 25]

Carter, 2012, UK [ 26]

Carter, 2013, UK [ 27]

Suzuki, 2012, USA [ 28]

Pretiow, 2012, USA [ 29]

21 participantsat high risk of becom-
ing overweight or obese, 18-35 years
old (20 of them evaluated the app).

RCT?has not yet been performed,
unknown.

21 participantsat high risk of becom-
ing overweight or obese, 18-35 years
old (20 of them evaluated the app).

RCT has not yet been performed, un-
known.

21 participants at high risk of becom-
ing overweight or obese, 18-35 years
old (10 of them evaluated the app).

RCT has not yet been performed, un-
known.

21 participantsat high risk of becom-
ing overweight or obese, 18-35 years
old (20 of them evaluated the app).

RCT has not yet been performed, un-
known.

RCT has not yet been performed, un-
known. Intention is to include users
aged 18-30 yearsliving in the suburbs
of Perth, Western Australia.

78 participants (26 males, 52 fe-
males), 11-18 years old.

Sample 1: 78 participants (26 males,
52 females), 11-18 years old.

Sample 2: 15 participants, 11-18 years
old.

15 participants (12 boys, 3 girls),
adolescents.

124 participants (44% males, 56%
females), average age 13.5 years.

30 overwei ght/obese participants, av-
erage age 14 years.

30 healthy participants (21 males, 9
females), 11-14 years old.

50 participants (students and staff).

43 participants, 18-65 yearsold (66%
males, 33% females).

41 participants, college students (me-
dian age 22 years).

12 obese participants, 8-21 yearsold.

Not described

RCT has not yet been
performed, unknown

Not described

RCT has not yet been
performed, unknown

Not described

RCT has not yet been
performed, unknown

Not described

RCT has not yet been
performed, unknown

RCT has not yet been
performed, unknown

Not described

Sample 1: one lunch
and meal

Sample 2: 1 day

1 day

On average 36.5 days

On average 4 days

8 weeks

7 days

6 months

6 days

2 months
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No. Mobile app Topic (nutrition, physical Described in the following Reach (participants characteristics)  Duration of the usage
activity): aim of the app study/studies (first author, year,
country)
11 FRapp® Nutrition: monitor dietary ~ Casperson, 2013, USA [ 30] 17 participants, 11-14 years old. 3-7 days
intake.
12 App-Hongub Physical activity: encourag- Hongu, 2013, USA [ 31] 30 participants, 11-14 years old. Not described

ing reporting of miles
walked in aphysical activity
program.

3RCT: randomized controlled trial.

bOnIy a conference abstract was found and the authors did not respond to attempts to contact them.
Only a conference abstract was found; studies are not yet published.
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Table 2. Detailed information about mobile apps.

Dute et al

No. Mobile app Context Short description of mobile app

1 ePASS ePASS ispart of the TXT2BF T program, which ~ ePASS usesthe target of moderate-level exercise for 30 minutes per day.
consists of abooklet, a Web site, weight tracker, ~ Userscan specify thetype of activity and intensity and self-monitor their
handouts, community blog, text messages, emails, daily level of physical activity.
personal coaching calls.

2 eVIP eVIPispart of the TXT2BF T program, which eVIP allows users to monitor their daily intake of fruits and vegetables.
consists of abooklet, a Web site, weight tracker, A graphical display shows the number of fruits and vegetables the user
handouts, community blog, text messages, emails, recorded. As areference, the app uses the targets of 2 servings of fruits
personal coaching calls. and 5 servings of vegetables daily.

3 eSIYP eSlYPispart of TXT2BFiT program, which con-  eSI'YPallows usersto specify the drink category (eg, water, teaor coffee,
sists of abooklet, aWeb site, weight tracker, alcohol). The app presents users with a colored display with the total
handouts, community blog, text messages, emails, amounts of energy, sugar, and alcohol intake. The colors green, orange,
personal coaching calls. andredindicate“ideal”, “acceptable’, and “too much” asthreshold levels

of intake, respectively.

4  €eTIYP eTIYPis part of the TXT2BF T program, which  €TIYP alows users to specify the food and beverages consumed. A
consists of abooklet, a\Web site, weight tracker,  colored display shows the average energy and fat content of takeout
handouts, community blog, text messages, emails, meals, in which green indicates acceptable intake and red indicates ex-
personal coaching calls. cessive intake.

5 CHAT CHAT used text messages to send userstailored ~ CHAT provides users the ability to assess dietary intake (fruits, vegeta-
feedback. Usersaretrained in using the app in ad-  bles, junk food) by taking before and after pictures. Based on nutrition
vanceand theappiscurrently developedtobeused characteristics and volume estimation, tailored feedback and dietary
on an iPod touch. recommendations are given regarding the estimated energy and nutrition.

6 MoSeBo/Dia=  The app isintegrated in a structured treatment and  The app consists of a built-in sensor that measures physical activity

Trace teaching program (STTP) for overweight children  (mobile motion sensor, MoSeBo0). The sensor measures the type, inten-
and adolescents. The STTP consistsof 28 therapeu-  sity, and duration of physical activity. The amount of physical activity
tic sessionsin which personal goalsare defined for  is displayed on the display of the phone. With the camera (DiaTrace)
each patient with respect to energy intake and eating habits are documented.
physical activity.

7 Ak-Shenapp i-Challenge! isan 8-week intervention that consists  Ak-Shen app allows users to share activities with others. It consists of
of an app and Web site and is part of a physical 3 components: 2 GPS-based mobile phone apps (GeoK nect and GeoSnap)
education class at junior high school. Inanewslet- and asocia network, i-Challenge!. With GeoKnect and GeoSnap, the
ter, aweekly i-Challenge! is delivered. Ani-Chal- user can directly show on i-Challenge! what activity they do. With
lenge! isasmall, fun, and chalenging activity relat- GeoKnect, a GPS-based feature, users can mark and describe points,
ed to nutrition and physica activity intended to lines, and areas of interest on a map. GeoSnap is a camerathat captures
keep participants engaged in the project. photos and their descriptions and sends them automatically to thei-

Challenge! Website.

98 MMM (My Users are also supported by tailored weekly text  The MMM app allows users to set aweight loss goal and self-monitor

Mea Mate) messages. daily calorie intake. Users select food and drinks consumed from a

database and record items in an electronic food diary. Users can take
photographs of their meals that serve asamemory aid. Physical activity
can aso berecorded in the diary.

9 Recaller Not described. Recaller is anutrition assessment tool that allows users to take photos
of all food eaten to improve diet avareness.

10 W8Loss2Go Not described. The app alows usersto list and photograph their problem foods, with
sequential withdrawal from each food. Furthermore, it includes a buddy
and online community support.

11  FRapp Not described. FRapp isafood record app. It allows users to monitor dietary intake by
taking before and after pictures of all foods and beverages consumed.

12 App-Hongu The app is added to an 8-week onlinewalking pro- The app alows youth to report their walking miles.

gram that uses a Web site.

Theoretical Basis

Of the 12 apps, 5 described behavioral theories that served as
a foundation for the apps (Table 3). The 4 apps of the
TXT2BF T program (apps 1-4) are based on the transtheoretical
model, also called stages of change [15,17]. Hebden et a [17]
describe the modeling process outlined in this model called
self-reevaluation and may be of particular importance to

http://mhealth.jmir.org/2016/2/e39/

progress from the contempl ation to the action phase. Their apps
use images of good examples, such as young adults looking
healthy who are drinking water or riding abike. Presenting role
models who perform the target behaviors can motivate usersto

change their behavior. Another example of using the model by

Hebden et al [17] is that users receive motivationa tips as a

source of positive encouragement to enhance self-efficacy.
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CHAT (app 5) isbased on the self-determination theory (SDT),
combined with motivational interviewing [19]. The SDT states
the importance of intrinsic motivation in order to change a
person's behavior [19]. Critical aspects are autonomy, feeling
competent to perform the behavior, and whether the person feels
appreciated and understood by others [32]. In CHAT the SDT
is combined with motivational interviewing because the tone
and content of messages is supposed to be more effective in
supporting autonomous decision making, as opposed to giving
“traditional advices.” The app provides users the possihility to
refuse information when not appreciated and sends tailored
messages only. For example, a woman who does not drink
alcohol does not receive any messages on acohol consumption.

A behavior change theory, it is not specified which one, is
applied in the development of the Ak-Shen app (app 7) [25].
Thisapp isreported to focus on raising awareness and increasing
motivation and provides tailored feedback to the users. Finally,
the W8L 0ss2Go app (app 10) isnot precisely based onaclassic
theory of changing behavior, but still the authors clearly
underpin the theoretical base. They describe that the app focuses
on problem foods and that coping skills are enhanced by
showing other ways to handle negative emotions and neutralize
cravings[29].

Subsequently, it was determined which behavior change
techniques, identified by Abraham and Michie [16], were
applied in the apps (Table 3). In afew studies, these techniques
were clearly described, whereas in others they have been
digtilled out of the app descriptions given in the studies, as
indicated in Table 3. The techniques “prompt self-monitoring

http://mhealth.jmir.org/2016/2/e39/
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of behavior” (technique 12) and “provision of feedback on
performance” (technique 13) are most often applied, in 10 apps.

Another frequently applied technique is“ specific goal setting”
(technique 10), which is applied in 6 apps, mostly with general
guidelines as being the reference for the target behavior (apps
1-4). As underpinned by several authors, it is important to
provide contingent rewards (technique 14). These apps provide
motivational tips (apps 1-4) or tailored messages (apps 5 and
8) based on the targeted behavior. The aim of these messages
is to increase users self-efficacy and to reinforce positive
behavioral beliefs. Because the authors stress the importance
of providing tailored feedback, possibly this technique is also
applied in the Ak-Shen app (app 7).

Two apps primarily used other techniques than self-monitoring.
The Ak-Shen app (app 7) provides adolescents with specific
physical activity challenges (ie, treasure hunt, mapping, earth
drawing, and tag) supported by the app, which incorporates a
Global Positioning System. Furthermore, this app applies a
technique involving social comparison. Users can share their
activities with other members.

W8L 0ss2Go (app 10) allows usersto list and photograph their
problem foodsin order to prompt barrier identification. The app
aims at relapse prevention by providing coping skills, showing
other waysto handl e negative emotions and neutralize cravings.
Inlinewith Ak-Shen (app 7), thisapp uses atechniqueinvolving
social support. Users are, for example, linked to a buddy.
Furthermore, the MoSeBo app (app 6) virtually connects users
with a buddy and provides the buddy information on
performance, enhancing social comparison.
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Table 3. Applied behavior change techniques in mobile apps.

Dute et al

No. Mobile app Theoretical basis Behavior change techniques by Abraham Examples of applied behavior change techniques
and Michie[ 16] (In bracketsisthe num-
ber of the technique as numbered in the
taxonomy, 2008).

1 ePASS Transtheoretical model ~ Model or demonstrate behavior (9) 9: ePASS uses healthy role models.

Prompt specific goal setting (10) 10: ePASS shows the participants the recommended
Prompt self-monitoring of behavior (12) ~ amount of daily physical activity (based on guide-
lines).
Provide feedback on performance (13) ines) ) o )
Provid i ds (14 12: ePASS allows users to monitor their daily physi-
ovide contingent rewards (14) cal activity levels.
13: ePASS shows users the recorded amount of
physical activity.
14: ePASS provides motivational tips.
2 eVIP Transtheoretical model  Model or demonstrate behavior (9) 9: eVIP uses healthy role models.
Prompt specific goal setting (10) 10: eVIP shows the participants the recommended
Prompt self-monitoring of behavior (12) fruit and vegetable intake (based on guidelines).
Provide feedback on performance (13) 12 €VIPallows usersto monitor their fruit and veg-
. . etable intake.
Provide contingent rewards (14) ) )
13: eVIP provides (evaluative) feedback on the re-
ported behavior.
14: eVIP provides motivational tips.

3 eSIYP Transtheoretical model  Model or demonstrate behavior (9) 9: eSlY P uses healthy role models.

Prompt specific goal setting (10) 10: eSl'Y P showsthe participants the alowed amount

Prompt self-monitoring of behavior (12) ~ ©Of Sugar-sweetened drink intake.

Provide feedback on performance (13) ~ 12: €SIYP allows users to monitor their energy,

. . sugar, and alcohol intake.

Provide contingent rewards (14)
13: eSl'Y P shows users the recorded amount of ener-
gy, sugar, and alcohol intake (and values these
amounts).
14: eSl'Y P provides motivational tips.

4  €eTIYP Transtheoretical model ~ Model or demonstrate behavior (9) 9: eTIYP uses healthy role models.

Prompt specific goal setting (10) 10: eTIY P showsthe participantsthe all owed amount
Prompt self-monitoring of behavior (12) of take-out meals intake (based on guidelines).
Provide feedback on performance (13) 12: eT1Y P alows usersto monitor their take-out
intake.
Provide contingent rewards (14) meals intake ) )
13: eTIYP provides (evaluative) feedback on the re-
ported behavior.
14: eTIY P provides motivational tips.

5 CHAT Sdlf-determinationtheory  Prompt specific goal setting (10) 10: CHAT sets goals based on dietary assessment.
Motivational interview-  Prompt self-monitoring of behavior (12)  12: CHAT allows self-assessment of dietary intake.
ng Provide feedback on performance (13) ~ 13: CHAT provides feedback on recorded nutrition

Provide contingent rewards (14) performed (based on guidelines).

Motivational interviewing (25) 14: The participants receive messages to increase
motivation.
25: Tone and content is carefully designed to enhance
autonomous decision making and users can refuse
to receive messages on particular content.

6 MoSeBo/Dia- Not described Prompt self-monitoring of behavior (12)  12: MoSeBo/DiaTrace measures physical activity.

Trace

Provide feedback on performance (13)
Plan socia support or social change (20)

13: MoSeBo/DiaTrace displays the performed
amount of physical activity.

20: Participants are virtually connected with a*“bud-
dy”. The current results of the buddy are shown on
the app.
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No. Mobile app Theoretical basis Behavior change techniques by Abraham Examples of applied behavior change techniques
and Michie[ 16] (In bracketsisthe num-
ber of the technique as numbered in the
taxonomy, 2008).
7 Ak-Shen app Behavior change theory;  Set graded tasks (7) 7: The participantsreceived four different challenges
not specified by theau-  provide instruction ®) on their phones.
thors? Provide opportunities for social compari- 8: 1 nfqrmati on about the phy§ical activitiesis deliv-
son (19) ered viathei-Challenge! social network.
19: Thei-Challenge! social network isavirtual
community that allows participants to upload their
activities and share it with other members.
8 MMM (My Meal Authorsstresstheimpor-  Prompt specific goal setting (10) 10: The app allows users to set weight loss goals.
Mate) t;”]fe of gtoal settlng, Prompt self-monitoring of behavior (12)  12: Participants are asked to self-monitor their dietary
f eedg]azrlll ggggz Provide feedback on performance (13)  INtake.
Provide contingent rewards (14) 13: The app displays daily calorie intake.
14: Feedback via tailored text messages weekly.
9 Recaller Not described Prompt self-monitoring of behavior (12)  12: The app provides the ability to monitor dietary
Provide feedback on performance (13)  INtake.
13: The app provides feedback on dietary intake,
based on photos that users take.
10 W8Lo0ss2Go Identification of problem  Prompt barrier identification (5) 5: The user is ableto list and photograph his/her
foot_js and'enhand ng Plan social support or social change (20) problem foods.
coping skills Relapse prevention (23) 20: The app includes a buddy and online community
support.
23: Relapse prevention is provided by determining
problem food, increasing self-esteem, and coping
skills augmentation.
11 FRapp Not described Prompt self-monitoring of behavior (12)  12: The app provides the ability to monitor dietary
Provide feedback on performance (13)  INtake.
13: The app provides feedback on dietary intake.
12 App-Hongu Not described Prompt self-monitoring of behavior (12)  12: The participantsregistered the mileswalked with

Provide feedback on performance (13)

their mobile phones.
13: The app directly showsthe resultson aWeb site.

8The authors indicate that the app raises awareness, increases motivation, and provides tailored feedback.

L essons L earned

To make statementsregarding thelessons|earned, it isimportant
to know which research methods were used to test the apps.
Only 2 studies measured the effect of using the app on the target
group: Schiel et al [23] and Mosqueda[25]. Hebden et al, 2013
[18] and Kerr, 2012 [19] described a protocol for arandomized
controlled trial (RCT), for assessing the impact in the future.
At thismoment, lessons|earned are known only from pretesting
the app among the target population, asisthe case for the other
studies (see Table 1, column “Reach,” for a description of the
target population).

Schiel et al [23] (MoSeBo) reported a significant weight
reduction among users of the app but made no comparison to
acontrol group. Furthermore, these participants participated in
an STTP and the precise contribution of the app has not been
specifically investigated. The researchers stated that the app
was successful at improving the intrinsic and extrinsic
motivation of the participants.

Mosgueda [25] (Ak-Shen) performed a nonrandomized
experiment suggesting the potential of a smartphone-based
intervention. No significant changes were found between the

http://mhealth.jmir.org/2016/2/e39/

app group and control group, but baseline characteristics
differed, such as age, height, weight, and ethnicity, and the
sample size was small (30 adolescents).

In severa studies, the pretests indicated that the users were
willing and able to use the app. The users of CHAT (app 5)
aged 11-18 years considered the software easy to use, and no
differencein proficiency with the tool was found between users
aged 11-14 years and 14-18 years [21]. The Recaller (app 9)
was extremely easy or easy to use, according to participants
[28]. Hongu et al [31] (app 12) stated that the “mobile phone
group” had a higher response rate compared with the “website
group,” suggesting a useful contribution of the app. Pretlow
and Gearhardt [29] (W8Lo0ss2Go) stated that the app was
understandable to all participants, except for those under age
10 years. Thiswould mean that we found no evidence that apps
may be feasible for users under the age of 10 years, because
their study included children aged 8-9 years.

Five of the included apps (apps 1-4 and app 8; described in 2
studies) al so specified users outside the age range astheir target
population, that is, people older than 25 years. According to
apps 1-4, qualitative feedback provided by young adultsrelated
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to practical features such as the speed of using the app and the
necessity of alogin, which was considered a barrier.

Duration of usage varieslargely among the apps, which makes
it difficult to make statementsregarding feasibility of long-term
use. Some apps were only tested for several days: CHAT (app
5) was used for 1 day, Recaller (app 9) for 6 days, and FRapp
(app 11) for 3-7 days [21,28,30]. Other apps were used for a
longer period: the MoSeBo/DiaTrace (app 6) on average for
36.5 days, the Ak-Shen app (app 7) for 8 weeks, MMM (app
8) for 6 months, and W8L0ss2Go (app 10) for 2 months
[23,25,28,29].

Discussion

Key Findings

Limited research has been done so far on mobile apps and their
use in health promotion for adolescents and students. This
review found only 15 studies that describe the use of 12 apps
to improve the health of adolescents and students regarding
their dietary intake and physical activity levels. Thismay seem
surprising because apps are widely used, especially among
adolescents and students; 23% of the European adolescents
download free apps on adaily basis[33]. Furthermore, in recent
years many apps have been developed. Breton et a [34] found
204 apps for weight control on iTunes on September 25, 2009,
and Conroy et a [4] found 167 top-ranked apps for physical
activity in 2013. However, according to an appropriate
description of apps in scientific literature, the number is very
disappointing, and obviously, this limits the possibilities for an
in-depth discussion of the advantages and disadvantages of
using certain theories or techniques of changing behavior in

apps.

The limited number of publications concerning apps indicates
the difficulty of capturing technology in science. Because of
the dynamic and rapid development of apps and the long
processes of doing research and publishing, it is difficult to
provide up-to-dateinformation. The MoSeBo/DiaTrace app by
Schiel et a [23] serves asan example. Although they published
about 2 years ago, the mobile phone they used seems to be
outdated (based on author's evaluation of the absence of a
touchscreen). It should be recognized that it is therefore more
difficult to make statements corresponding to the current
situation of app development.

For 5 of the 12 included apps, the behavioral theory
underpinning their development was clearly specified. The 4
apps devel oped by Hebden et a [17,18] used the transtheoretical
model, which isalso called stages of change [15,17]. The apps
use role models who perform the target behavior, which can
motivate users to change their behavior. CHAT is based on the
SDT and supports autonomous decision making by the users.
It isof interest that one of the included appsin our review that
did not primarily focus on self-monitoring, that is, the
W8L0ss2Go app, has a theoretical base in addiction-derived
theories. W8L 0ss2Go targets compulsive overeating, which is
considered as addictive behavior, by barrier identification,
offering social support, and relapse prevention. The authorsdid

http://mhealth.jmir.org/2016/2/e39/
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not specify the used theory in detail. More research should be
carried out in this area, because the available evidenceis sparse.

We applied the taxonomy of behavior change techniques [16]
to theidentified appsfor thisreview. It became clear that healthy
diets and physical activity are mainly promoted by means of
self-assessment tools. Out of 12 apps, 10 were designed either
to monitor nutrition intake or to monitor duration or theintensity
of physical activities. These apps applied behavior change
techniques such as prompting self-monitoring and providing
feedback on performance. By facilitating self-monitoring and
providing feedback on performance, apps can increase avareness
about the dietary intake and physical activity levels of the users.
This suggests that apps can be suitable as a monitoring tool,
which is underpinned by Breton et al [34] who found that of
204 apps included in their review, 43% provided a food diary
tool.

Besides the behavior change techniques of self-monitoring and
providing feedback on performance, specific goal setting
combined with personal feedback messagesis also considered
as a promising approach. Kohl et a [11] also concluded that
these approaches, goal setting and personal feedback, are
effective elementsin Web-delivered interventions. High-quality
evidence supporting effectiveness of these apps, however, is
not yet available. A pilot randomized trial of Carter et a [27]
found significant weight reduction among the app users.
Although the app is included in this review because the target
population involves students, the RCT participants consisted
of adults, most of them older than 25 years. This result may
also apply to students, and because we found no strong
arguments counteracting this, for example, from the process
evaluation, we consider this a promising result. Besides the
significant weight reduction, trial retention and adherence were
also significantly higher in the smartphone group compared
with the other groups. These results indicate the potential of
applying these behavior change techniques in apps to improve
the health of adolescents and students; however, no conclusions
can be drawn regarding the effectiveness of these apps.

Three apps (MoSeBo/DiaTrace, Ak-Shen, and W8L 0ss2Go)
offer a social function and can be categorized as social media.
An example is the Ak-Shen app that uses an online platform
that challenges users to execute activities and to share this
information with others. The app contributesto users motivation
by providing rewards and opportunities for social comparison.
Kaplan and Haenlein [35] describe that research into socia
media should acknowledge features like socia presence and
media richness, and social processes, which includes
self-presentation and self-disclosure. Asthereisaclear gapin
literature, it would be valuable to conduct more research into
social features in mobile apps and their effectiveness in health
promotion for adolescents and students. Several apps provided
social comparison opportunities or a buddy system, but the
behavior change technique “provide information on others
approval” did not appear to be specifically applied.

It should be clarified that we described techniques (summarized
in Table 3) that were applied in the apps only, although almost
all the included apps were or can be implemented as part of a
broader intervention strategy. It probably explainswhy behavior
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change techniques, like providing information on the link
between behavior and heath or providing general
encouragement, were not clearly present in the app descriptions.
These techniques are probably applied within the broader
intervention strategy, strengthening the potential effect of the
app. Thisisinlinewith Crutzen et a [10] who stated that apps
are more effective when they are embedded in existing
structures, such as health care and schools.

According to the technique “teach about environmental cues’
(15), we identified one app demonstrating this potential [36].
However, this app was not included in thisreview becauseit is
used primarily for research purposes (monitoring), instead of
changing behavior. Regarding apps for adolescent, gaps in
literature seem to be in using techniques such as “ (follow-up)
prompts of practice” (18) or “review of goals’ (11). More
research isrecommended on the application of behavior change
techniques among adol escents and students.

Mobile apps have the potential to tackle health issues. Severa
arguments are mentioned in the studies. Hebden et al [17] stated
that the features of apps—widespread and increasing use,
dynamic technologies, and use of existing featureslike Internet,
cameras, and GPS—make them potentialy able to improve
health. Apps are easy to use and to access [17,34]. Carter et a
[27] have underpinned the advantages as compared with
traditional methods (“paper diaries’). Obvioudly, by linking
apps to databases, and subsequently providing feedback on
energy intake (calories) or energy expenditure based on
self-monitoring, useful feedback ispossiblein an efficient way,
which enhances awareness and goes beyond the registration of
food intake only.

Our review not only supports the idea that apps can be a
promising tool as part of health promotion strategies but also
highlightsthat the scientific base for adolescentsissmall. Hardly
any evidence on their effectiveness is available from
high-quality research studies. Even less evidence is available
for longer-term usage, which is supposed to enhance
maintenance of any changes in behavior that may be achieved
when using the app. Most apps are tested on asmall scale only
and for a short period. It isunclear for what duration the users
are willing to test the apps. The MMM app (app 8) was used
for 6 months (which isthelongest period), but within the context
of an RCT mainly involving adults [27]. The average number
of adherence dayswas 92 in the smartphone group, as compared
with 35 days and 29 days in the other two groups [27].
Furthermore, only 5 out of 12 apps described atheoretical basis
for the app, and several promising techniques had either not yet
been applied or only been applied in a few apps. Finaly, it is
of particular interest to study whether asocial aspect contributes
to the effectiveness of mobile apps. In general, the importance
of social media for young people, for example, regarding
self-presentation, self-disclosure in social processes, shaping
their identity, and so on, seems to be worth exploring more for
health promotion strategies.

Strengths and Limitations

The strength of this review is that it approaches a new area of
research in which there is still much to discover and to learn.
Although the search revealed a large number of hits, as

http://mhealth.jmir.org/2016/2/e39/
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summarized in appendix 3, only a limited number of studies
met the inclusion criteria. Only two studies investigated the
effect of using the apps, so it was impossible to perform a
systematic review and meta-analysis on effectiveness. However,
the studies did provide interesting information that could be
used when designing a new mobile app. Five studies had not
yet been published in a peer-reviewed journal, and information
about the app was derived from an abstract [28-31] and provided
by the authors [25]. Hence, this review provides an overview
of the current scientific “state of the art” in this rapidly
developing field and presents some upcoming studies.

Overdll, it is useful to have used the taxonomy of techniques
for this review, because it clearly demonstrates the focus of
these apps. It should be noted, however, that this taxonomy is
primarily proposed for health promotion in adults. Some
techniques, which may be particularly important for young
people, could not clearly be coded; for example, the
incorporation of a game or competition element. This was not
part of the Hongu-app itself [31], but it was part of the broader
intervention strategy, since the winning teamsreceived areward.
With respect to the technique “ demonstrate behavior by expert”
(technique 9), not necessarily experts but also peers may be of
relevance to youth; we coded several apps, using peers, by
applying this technique (see Table 3).

Furthermore, inaccuracies may have occurred by applying the
taxonomy of behavior change techniques[16] because of several
reasons. Some of the apps were poorly described, and in afew
situations, the same mobile app was described in more than one
study. In that case, adjustments were made over time, possibly,
but these were not always clearly described. An explanation for
the large variation in description of the apps is the difference
in research focus. Several studies were protocols for RCTS,
others described the devel opment of the app, and in some, entire
intervention programs were described. Together with the rapid
development of mobile apps, as described in the beginning of
thisdiscussion, it is questionable whether areview or traditional
research methodology in general isthe most appropriate method
to gather information concerning mobile apps. Research with
a qualitative methodology, capturing context and changing
developments not only regarding technological developments
but also regarding rapidly changing trends and hypes among
young people, may be suitable as well.

Many different terms are used to describe mobile apps:
smartphone applications/smart phone applications, maobile
phone-based healthy lifestyle program, using mobile
devicessmobile phones, electronic health technology, and a
mobile telephone record; this makes the search for relevant
studies very difficult. It is because of thisthat the two searches
in MEDLINE were not entirely consistent. Asaresult of asmall
adjustment in the research terms, not all studiesfound in search
1 were also included in search 2. Therefore, we decided to use
both searches and to remove duplicates. It appeared necessary
to use abroad definition for mobile apps. Some studies did not
seem to describe a “real” mobile app. An example is the
application of Schiel et al [23,24], which isimplemented on an
outdated mobile phone type that could be questioned as being
a smartphone. However, after consideration, it was decided to
include the app for this review because it met the other criteria
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and it provided valuable information, including being an
illustration of the apparent mismatch between fast devel opments
intechnological possibilities as compared to scientific research,
which is a slower process.

Conclusions

The present review aimed to identify mobile appsto be used in
health promotion for adolescents and students. It became clear
that appsare suitable as monitoring toolsfor both dietary intake
and physical activity. The apps enable users to set targets and
self-monitor, provide tailored feedback, and subsequently raise
awareness and increase motivation. These types of monitoring
tools can function independently, but most of theidentified apps

Dute et al

are part of atreatment program or support educational methods,
that is, methods used in schools. Three apps facilitated social
interaction and support and can be characterized as social media.
Subsequently, these “ social” apps apply other behavior change
techniques, such as providing opportunities for socia
comparison and social support, in comparison with monitoring
apps. The limited number of studies clearly indicates the need
for additional research, and one may question whether this
should be performed in a“traditional” way. Further researchis
recommended on the effectiveness, reach, and long-term use of
mobile apps and to identify other possibilities to tackle health
issueswith mobile apps, especially with respect to their potential
social features.
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Abstract

Background: Mobile apps present a potentially cost-effective tool for delivering behavior change interventions at scale, but no
known studies have tested the efficacy of apps as atool to specifically increase vegetable consumption among overweight adults.

Objective: The purpose of this pilot study was to assessthe initial efficacy and user acceptability of atheory-driven maobile app
to increase vegetable consumption.

Methods: A total of 17 overweight adults aged 42.0 (SD 7.3) years with abody massindex (BMI) of 32.0 (SD 3.5) kg/m? were
randomized to the use of Vegethon (afully automated theory-driven mobile app enabling self-monitoring of vegetable consumption,
goal setting, feedback, and social comparison) or await-listed control condition. All participants were recruited from an ongoing
12-month weight loss trial (parent trial). Researchers who performed data analysis were blinded to condition assignment. The
primary outcome measure was daily vegetable consumption, assessed using an adapted version of the validated Harvard Food
Frequency Questionnaire administered at baseline and 12 weeks after randomization. An analysis of covariance was used to
assess differences in 12-week vegetable consumption between intervention and control conditions, controlling for baseline. App
usability and satisfaction were measured via a 21-item post-intervention questionnaire.

Results: Usingintention-to-treat analyses, all enrolled participants (intervention: 8; control: 9) were analyzed. Of the 8 participants
randomized to the intervention, 5 downloaded the app and logged their vegetable consumption a mean of 0.7 (SD 0.9) times per
day, 2 downloaded the app but did not use it, and 1 never downloaded it. Consumption of vegetables was significantly greater
among the intervention versus control condition at the end of the 12-week pilot study (adjusted mean difference: 7.4 servings,
95% Cl 1.4-13.5; P=.02). Among secondary outcomes defined a priori, there was significantly greater consumption of green
leafy vegetables, cruciferous vegetables, and dark yellow vegetables (adjusted mean difference: 2.6, 1.6, and 0.8 servings; 95%
Cl 0.1-5.0, 0.1-3.2, and 0.3-1.4; P=.04, P=.04, and P=.004, respectively). Participants reported positive experiences with the app,
including strong agreement with the statements “| have found Vegethon easy to use” and “1 would recommend Vegethon to a
friend” (mean 4.6 (SD 0.6) and 4.2 (SD 0.8), respectively, (on a 5-point scale).

Conclusions:  Vegethon demonstrated initial efficacy and user acceptability. A mobile app intervention may be useful for
increasing vegetable consumption among overweight adults. The small sample size prevented precise estimates of effect sizes.
Given the improved health outcomes associated with increases in vegetable consumption, these findings indicate the need for
larger, longer-term evaluations of Vegethon and similar technol ogies among overweight adults and other suitable target groups.

Trial Registration: ClinicaTrials.gov NCT01826591; https://clinicaltrials.gov/ct2/show/NCT01826591 (Archived by WebCite
at http://lwww.webcitation.org/6hY Dw2AOB)
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Introduction

Inadeguate consumption of vegetables and fruitsis responsible
for up to 2.6 million deaths worldwide, according to a 2003
estimate by the World Health Organization [1]. Greater
consumption of vegetables and fruitsis associated with reduced
risks of cardiovascular disease, stroke, cancer, and all-cause
mortality [1-8]. It has been suggested that these protective
effects are greater for vegetables than for fruits [8] and follow
a dose-response relationship [6,8,9] with benefits seenin up to
7+ servings daily [8]. Vegetables in particular are rich in
phytochemicals, including vitamins and trace minerals, that
may protect cells against carcinogenesis[10,11]. They are also
high in water and fiber and can promote weight loss and weight
management by reducing energy density, promoting satiety,
and decreasing energy intake [12,13]. In recognition of these
many benefits, anational “5-a-day” campaign was launched in
the United Statesin 1991 to encourage greater consumption of
vegetables and fruits. However, Americans consumption of
vegetables significantly decreased during the subsequent decade
[14], and despite current United States Department of
Agriculture (USDA) recommendationsto consume 5-6 servings
of vegetables per day [12], US adults consume an average of
just 1.7 (standard error (SE) 0.03) servings of vegetables
(excluding fried potatoes) each day [14].

Behavioral interventions to increase vegetable and fruit
consumption have led to modest increasesin daily intake [15].
However, thetypical face-to-face approaches used in behavioral
interventions to achieve and sustain increased vegetable
consumption often cannot be realistically implemented at the
population level [15], particularly given the high cost of most
current strategies [16] (eg, time demands, the need for trained
staff, and so forth [17]). Mobile apps present an attractive
aternative for delivering scalable dietary behavior change
interventions for a number of reasons [18]. Rates of mobile
phone adoption among US adults have increased dramatically
during recent years, from 35% in 2011 to 56% in 2013 [19],
making mobile phone-based interventionsripefor dissemination
to whole populations. Individuals tendencies to carry their
phones with them everywhere means that such interventions
can provide significantly moretouch points, reaching individuals
at nearly any time or place [20]. Additionally, the rapidly
improving technical capabilities of mobile phones enable the
potential for timely feedback, personalization, and interactivity
to maximize the potentia effectiveness of interventions over
time[21].

An explosion of health-promoting mobile apps has occurred in
recent years[22] including appsto promote weight control [23],
healthier eating [24-26], and greater vegetable consumption
[27]. However, most mobile health (mHealth) apps are yet to
undergo evaluation in randomized trials or incorporate
theory-based strategies known to drive changes in health
behaviors [28-30]. Theory-driven behavior change techniques

http:/mhealth jmir.org/2016/2/e51/

[31] may form the basis of apps that more effectively produce
improvementsin health behaviors. Investigators have called for
both the theory-informed devel opment and rigorous evaluation
of mobile phone-based interventions[32,33]. With the mHealth
field still in its infancy, it is likely that the most effective
approaches are yet to be explored.

This pilot study (trial registration: ClinicalTrials.gov
NCT01826591) aimed to assess the initial efficacy and user
acceptability of Vegethon, a stand-alone mobile app designed
to increase vegetable consumption through the creative
application of behavior change theory and techniques. It is
among the first apps specificaly targeting only vegetable
consumption to undergo evaluation in arandomized controlled
study of adults attempting to lose weight.

Methods

Study Design

A randomized controlled study design was used, with a 1:1
allocation ratio of intervention to wait-listed control (12-week
delay) participants. During a pre-randomization orientation
session taking place face-to-face, participants were instructed
that the mobile app was intended to support them in increasing
their vegetable consumption and that it was ideally to be used
for 1-2 minutes on adaily basis. They were instructed to avoid
using any other apps focused on vegetable consumption for the
duration of the study. Participants providing written consent
were reguested to complete a Web-based, self-administered
baseline questionnaire. All participants who completed the
guestionnaire were randomized. Participantsin theintervention
condition were instructed to use the app for a minimum of 6
weeks. Outcome datawere collected from both conditionsusing
a Web-based questionnaire self-administered 12 weeks after
randomization. To prevent contamination among conditions,
the app was made available to intervention participants only
through the distribution of single-use registration codes. The
CONSORT-EHEALTH guidelines were followed in reporting
this study (Multimedia Appendix 1).

Participants

Participants were overweight adults motivated to lose weight
and eat healthier. Individuals were recruited from an ongoing
12-month weight losstrial (n=609) based at Stanford University
(parent trial), in which participants were aged 18-50 years, had
an initial body mass index (BMI) of 28-40 kg/m?, were
non-diabetic and non-hypertensive, had no cancer or heart, rend,
or liver disease, and lived in the geographical area surrounding
Stanford. The added eligibility criterion for this pilot study was
ownership of an iPhone. All participants provided written
informed consent, and this research was approved by the
Stanford University Human Subjects Committee.
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Parent Trial

The study was implemented during months 7-10 (ie,
maintenance phase) of the parent tria. In the parent trial,
participants were randomized to either a low-fat or a
low-carbohydrate diet for 12 months and attended 22 evening
classes led by a health educator. Both parent trial treatment
groups were encouraged to include vegetables in their daily
diets. Parent trial participants who chose to concurrently
participate in this pilot study were re-randomized to receipt of
the mobile app or a wait-listed control condition. Thus, any
potential spillover effects of the parent trial on vegetable
consumption affected both intervention and control conditions
in this study.

Randomization

Participants were randomized and assigned prospectively viaa
balanced assignment approach designed to ensure balance across
mobile intervention assignment and both elements of parent
trial treatment assignment, consisting of (1) diet group
(low-carbohydrate or low-fat) and (2) health educator (of 4
possible health educators). Because the randomized parent trial
was underway at thetime of thisstudy, the diet group and health
educator could not be manipulated and were instead treated as
nested strata. Participantsin this study were randomly assigned
within these strata via a randomized, balanced block size of 4;
subsequent participant assignments were selected viaan apriori,
deterministic procedure. This randomization assignment
procedure was preferable to other randomization approaches
becauseit ensured balancein al 3 variables at any given sample
size of this pilot trial. Additionally, it was preferable over
sequentially adjusted randomization procedures such as Efron's
biased coin [34] becauseit allowed all assignmentsto be created
prospectively.

Intervention

Parti cipants randomized to the pilot study intervention condition
completed a short Web-based tutorial that described the fully
automated mobile app and its use. The tutorial guided them
through the process of downloading the app onto their iPhones
from the iTunes App Store on December 4, 2014, creating a
user account with their individual registration code, and setting
their initiadl goas for quantity and variety of vegetable
consumption.

Vegethon [35] was a stand-alone mobile app that enabled
self-monitoring of vegetable consumption and included a
constellation of theory-driven features to maximize behavior
change and sustain user engagement. Formative research
indicated that this target population desired a simple and
efficient means of self-monitoring. Self-monitoring is among
the most widely used behavior change techniques in mobile
apps to change health behavior [36]. It is acknowledged to be
acritical component of behavior change interventions [37] and
can be viewed as part of the process of self-regulating behavior
[38]. Vegethon enabled swift vegetable logging by tapping on
different vegetable icons (eg, eggplant, arugula) to indicate the
number of servings of each vegetable consumed. To facilitate
weight |oss and weight maintenancein the context of the parent
trial, the app focused on non-starchy vegetables with lower
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energy density and excluded starchy vegetabl es such as potatoes
and corn. Tapping on each vegetableicon increased its quantity
in increments of 1/2 servings. To reduce the cognitive load
associated with self-monitoring, users were instructed by the
app to estimate 1 vegetable serving as approximately the size
of their fist. Users were able to select and modify goals for the
quantity and variety of their daily vegetable consumption on 2
dliding scales ranging from 1 to 10 servings or types, each
anchored by an “average” value of 2, “recommended” value of
5, and “superstar” value of 8. Default values [39] were set to
the recommended 5 servings and 5 types of vegetables.

Overdll, the intervention was grounded in behaviora theory,
emphasizing theimportance of centering an intervention around
the process of behavior change (eg, the fun of tapping on
colorful vegetable icons; the pride in surpassing a friend's
vegetable score). This process motivation strategy stands in
contrast to interventions focusing on the eventual outcomes of
behavior change (eg, improved health) that can often be too far
in the future to motivate and sustain behavior change [40].
Several theory-driven elements aiming to increase this type of
process motivation complemented the primary self-monitoring
component of Vegethon. To increase elements of fun and
challenge, for example, 7 ongoing challenges were included
that ranged from easy to difficult to perform (eg, Breakfast
Champ: Eat any vegetable before 11 am). Similarly, elements
of surprise and choice were incorporated through surprise
challenges delivered to usersvia push notifications every 4 days,
enabling the selection of a desired challenge. Competition,
which has been shown by L epper and colleagues[41] to increase
intrinsic motivation for behavior change, was applied through
a leaderboard in which users competed against “other
Vegethoners” who were “most similar” to them. Finaly, to
foster a process of identity revision toward one who is a
vegetable eater [42], each participant was referred to as a
Veegethoner throughout the intervention.

Aswith most mHealth interventions, the intervention made use
of opportunitiesfor just-in-time feedback in anumber of ways.
Short-term progress monitoring was displayed with vertical bar
graphs showing the current day's goals versus consumption.
Long-term progress monitoring was displayed with horizontal
bar graphs showing consumption for each of the previous 7
days and 7 weeks. Feedback on the fulfillment of goals and
challenges was reinforced through in-app notifications.
Just-in-time prompts to log vegetables were delivered most
evenings at 9 pm through push notifications.

Blinding

Researchers who performed data analysis were blinded to
condition assignment. Randomization was performed by a
researcher who had no contact with participants and used a
random, computer-generated allocation segquence to assign
participants to each condition. Enrollment and
post-randomization communication with participants were
subsequently performed by a research assistant who did not
play arolein the data analysis. All parent trial staff members,
including the dietitians leading the health education classes,
were blinded to condition assignment, and participants were
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instructed not to discuss the app with their health educator or
with other participants.

Data collection

App Usage

App usage was measured using inbuilt software tracking the
date of app download, number of servings logged for each
vegetable type, and time and date that logging occurred. Data
were tracked for each participant using their individualy
assigned registration codes.

Vegetable Consumption

To assess the primary outcome of daily vegetable consumption
at baseline and 12 weeks after randomization, an adapted version
of the validated semiquantitative Harvard Food Frequency
Questionnaire (FFQ) was used [43,44]. As with the Harvard
FFQ, commonly used portion sizes for each vegetable (eg, 1
onion, 1/2 cup of broccoli) were specified, and participantswere
asked to indicate how often, on average, during the past week,
they had consumed each type and amount of food. All 28
guestions on vegetable consumption comprising 33 vegetables
wereincluded from the Harvard FFQ, and 8 response categories
were possible, ranging from 0 to =6 times per day [45]. Daily
vegetable intake was calculated for each participant following
an established method [46,47] in which the daily frequency of
consumption for each vegetable item was multiplied by the
number of servings represented by the specified portion size,
based on USDA guidelines [48], and subsequently combined
to yield total daily vegetable servings. Vegetable subgroups
were defined a priori based on established criteria[49] adapted
for specific use with the Harvard FFQ [50,51]. Subgroups
included green leafy vegetables (kale, mustard greens, chard,
spinach, iceberg or head lettuce, romaine or leaf lettuce),
cruciferous vegetables (broccoli, cauliflower, cabbage, coledaw,
brussels sprouts), dark yellow vegetables (carrots, carrot juice,
yams, sweet potatoes, dark orange winter squash), tomatoes
(tomatoes, tomato juice, V8 juice, tomato sauce, salsa, picante
or taco sauce), beang/lentils (beans, lentils, tofu, soy burger or
other soy protein), and other vegetables (eggplant, zucchini or
other summer squash, celery, string beans, peas, lima beans,
corn, mixed vegetables, stir-fry, vegetable soup, green or red
peppers, onions). All vegetable subgroups apart from
beang/lentils were assessed as secondary outcomes.
Beang/lentils, which were not targeted by theintervention, were
assessed as a control measure.

App Usability and Satisfaction

Usahility of and satisfaction with the mobile app were assessed
using a 21-item questionnaire, administered 12 weeks after
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randomization to the intervention condition only, and adapted
from similar surveys used by King et a [52] to assess user
acceptability of mHealth interventions. Participants were asked
to rate their level of agreement or disagreement with each
statement on a 5-point Likert-type scale.

Statistical Analysis

A convenience sample drawn from the parent trial was used for
this pilot study. An analysis of covariance (ANCOVA) was
used to assess differences between intervention and control
conditions, with vegetable consumption as the dependent
variable, condition assignment as the fixed factor, and baseline
value of the dependent variable as a covariate. The use of
ANCOVA was appropriate for a small sample size asit can be
considered a special case of regression, in which aconservative
rule of thumb is to have at least 10 subjects per predictor
variable; in the present analysis with one predictor variable, a
minimum total sample size of 10 was reasonable to satisfy
parametric assumptions and minimize the chance of overfitting
[53]. Anintention-to-treat analysis was used such that baseline
observations were carried forward when participants were lost
to follow-up. A sensitivity analysis with multiple imputations
to account for missing datawas also used. Fiveimputed datasets
were created using the chained equations method and pooled
estimates using Barnard-Rubin adjusted degrees of freedom
[54,55]. Descriptive statistics were used to analyze participant
baseline characteristics and user acceptability of the mobile app.
SPSS Statistics software version 22.0 (IBM, New York) was
used.

Results

Participants

Participant study flow is presented in Figure 1. Enrollment
began in Octaober 2014, and the study ended in February 2015.
A subset of participants (n=135) enrolled in the parent trial at
a time point coinciding with this pilot study were invited to
participate. Thirty-five participants responded to an email
indicating that they (1) had an iPhone, (2) wished to participate
in a mobile app substudy, and (3) were willing to attend a
face-to-face orientation session. Among these 35 individuals,
17 completed a baseline questionnaire and were randomized
and analyzed (intervention: 8; control: 9). Participant baseline
characteristics are summarized in Table 1. Although there were
more women than men in the control versus intervention
conditions, the two conditions were comparable in age, BMI,
and race and ethnicity. Randomization resulted in 2 conditions
that were balanced across parent trial treatment assignment and
parent trial health educator (Table 1).
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Table 1. Participant baseline characteristics.

Mummah et al

Characteristic Control Intervention
Gender, n (%)

Female 7 (78) 4 (50)

Mae 2(22) 4(50)
Agein years, mean (SD) 41.2 (7.6) 429 (7.3)
BMI2in kg/m?, mean (SD) 31.7(3.8) 32.3(3.3)
Race/ethnicity, n

White 7 6

Asian 1 0

Other 1 2
Parent trial treatment assignment, n

L ow-carbohydrate diet 5 4

Low-fat diet

Sy
N

Parent trial health educator assignment, n

A 3 2
B 3 3
C 1 2
D 2 1

8BMI: body mass index.

Figurel. CONSORT flowchart. An intention-to-treat analysis was used.

Invited to participate (n=135)

Excluded

* Unable to or declined to participate (i.e.,

———p not an iPhone user; unable to attend
face-to-face orientation; and/or not
h 4 interested in participating) (n=100)

Assessed for eligibility (n=35)

|

v * Declined to participate (n=18)

Excluded

Randomized (n=17)

Intervention (n=8) Control (n=9)

* Lost to follow-up (n=3) * Lost to follow-up (n=2)
* Did not complete post questionnaire (n=2) .
¢ Did not download app (n=1)

I I

Analyzed (n=8)

Did not complete post questionnaire (n=2)

Analyzed (n=9)
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Retention and Adherence

Among the 17 enrolled participants, 75% (6/8) of the
intervention condition and 78% (7/9) of the control condition
completed the post questionnaire administered 12 weeks after
randomization. As noted earlier, an intention-to-treat approach
was applied in analyzing the study data. Of the 8 participants
who were randomized to the intervention, 5 downloaded the
app within 2 days, 2 downloaded it within 13 days but did not
useit, and 1 never downloaded it.

App Usage

Among those in the intervention condition who used the app (5
of 8 participants), participants logged their vegetable
consumption a mean of 0.7 (SD 0.9) times per day. Daily

frequency of vegetable logging over the course of the 6-week
intervention period is presented in Figure 2. There was a

Mummah et al

downward trend in frequency of logging behavior over time,
from 0.8 (SD 1.2) times per day during week one to 0.3 (SD
0.6) times per day during week six. There was wide variation
in logging frequency among individuals, ranging from 1.2 (SD
1.1) to 0.3 (SD 0.6) times per day.

Vegetable logging occurred during all waking hours, with the
greatest proportion of logging taking place during the 1-hour
interval after 9 pm (Figure 3). Logging a so occurred during all
days of the week, with the greatest proportion occurring on
Thursdays and the smallest proportion on Wednesdays and
Fridays. In examining user logging behavior (ie, the selection
of a number of servings consumed per individual vegetable
type, such as cucumber), 40% of the time users selected 0.5
servings and 38% of the time users selected 1.0 serving, while
all larger serving increments (1.5, 2.0, and so on) were each
used less than 9% of the time.

Figure 2. Frequency of vegetable logging among intervention condition, during 6-week intervention period. Day 22 was Christmas Day (Dec 25).

1
2
Participants 3
4
5
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Time
Key (days post randomization)
=3 times
2 times
1 time

0 times (<3 days in a row)

0 times (>3 days in a row)

Figure 3. Time of day that users recorded their vegetable consumption using Vegethon. Each hour represents the subsequent 1-hour interval (eg, 5
represents 5:00-5:59 AM). Push notifications were sent at 9 PM as reminders to those who logged the day before but had not yet logged that day.

15%

10%

Proportion of
self-monitoring
(percentage per hour)

5%

0%

Push notification
reminders
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Time
(hour of day)
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Vegetable Consumption

Using intention-to-treat analyses, daily vegetable consumption
(primary outcome) was found to be significantly greater in the
mobile app intervention compared with the control condition
at the end of the 12-week pilot study (adjusted mean difference:
7.4 servings, 95% Cl 1.4-13.5; P=.02). A multiple imputation
sensitivity analysis was performed and did not significantly
alter theseresults (P=.03). Among secondary outcomes defined
a priori, there was significantly greater consumption of green
leafy vegetables (adjusted mean difference: 2.6 servings; 95%
Cl 0.1-5.0; P=.04), cruciferous vegetables (1.6 servings; 95%
Cl 0.1-3.2; P=.04), and dark yellow vegetables (0.8 servings;
95% CI 0.3-1.4; P=.004) in the intervention versus control
condition. There were also statistically non-significant trends
toward greater consumption of tomatoes (0.3 servings, 95% Cl
0.0-0.6; P=.08) and other vegetables (1.7 servings, 95% Cl -0.9

Mummah et al

to 4.3; P=.19) in the intervention versus control condition.
Consumption of beang/lentils, which was not targeted by the
intervention, was not significantly different (—0.1 servings; 95%
Cl -0.3t0 0.1; P=.37; Figure 4) between the conditions.

Mean baseline consumption of vegetables was comparable in
both conditions. The observed meansand SD in theintervention
condition were 6.0 (SD 2.7) servings at baseline and 13.5 (SD
8.1) servingsat 12 weeks. In the control condition, the observed
means were 7.0 (SD 5.9) servings at baseline and 3.9 (SD 2.0)
servings at 12 weeks. Individual participant changes in
consumption from baselineto 12 weeks are presented in Figure
5. Among intervention participants, vegetable consumption
increased in 83% (5/6) of participants completing the FFQ,
whereas among control participants, vegetable consumption
decreased in 71% (5/7) of participants completing the
guestionnaire.

Figure4. Differencesin vegetable consumption, 12 weeks after randomization (n=17). Adjusted mean difference (circles) and 95% confidenceintervals
(horizontal lines) between intervention condition (mobile app) and control condition (no mobile app): all vegetables 7.4 (1.4-13.5); green leafy vegetable
2.6 (0.1-5.0); other vegetables 1.7 (-0.9 to 4.3); cruciferous vegetables 1.6 (0.7-3.2); dark yellow vegetables 0.8 (0.3-1.4); tomato 0.3 (-0.04 to 0.6);
and beang/lentils-0.1 (-0.3t0 0.1). Anintention-to-treat analysis was used, with baseline val ues carried forward when participants werelost to follow-up.
Vegetable consumption was self-reported using an adapted version of the validated semiquantitative Harvard Food Frequency Questionnaire. * P<.05
and **P<.01, based on analysis of covariance predicting post-intervention values, controlling for baseline values.

Primary = ---eeeeeeeeeeeeaes All vegetables*

Green leafy vegetables*

Other vegetables
Secondary

(sub-categories Cruciferous vegetables*
of primary)

Dark yellow vegetables**

Tomato

Not _targeted.by ........................ Beans/lentils
intervention

2 0

4 6 8 10 12 14

Servings (per day)

Figure5. Individual changesin vegetable consumption, from baselineto 12 weeks after randomization (n=13). Vegetabl e consumption was self-reported
using an adapted version of the validated semiquantitative Harvard Food Frequency Questionnaire. This analysis excludes 2 intervention and 2 control

condition participants lost to follow-up.
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App Usability and Satisfaction

I ntervention participants reported positive experiences with the
mobile app, including strongest agreement with the following
statements: “l have found Vegethon easy to use’; “Overall,
using Vegethon was an enjoyable experience”; and “1 would
recommend Vegethon to afriend” (mean 4.6 (SD 0.6), 4.2 (SD

Mummah et al

0.9), and 4.2 (SD 0.8), respectively, on a 1-5 scale, with
5=strongly agree and 1=strongly disagree; Figure 6). Participants
reported strong disagreement with the statements “Overall,
Vegethon distracted me from my work”; “I have found
interactions with Vegethon to be boring”; and “ Overall, using
Vegethon required too much of my time” (mean 1.3 (SD 0.4),
1.8(SD 1.3), and 2.0 (SD 1.2), respectively).

Figure 6. Satisfaction with and usability of mobile app intervention. Mean (triangles and circles) and SD (horizontal lines). This exploratory analysis
excludes 2 participants who werelost to follow-up and 1 participant who did not use the app. Participants were asked to rate each statement on a 5-point

Likert-type scale.

| have found Vegethon easy to use.
Overall, using Vegethon was an enjoyable experience.

| would recommend Vegethon to a friend.

The time involved in using Vegethon has been about right for me. b

The Vegethon app has been right on target for me. ;3

Vegethon has motivated me to eat more healthfully overall.

Vegethon has motivated me to eat more vegetables. o’

Vegethon has helped me track my vegetable consumption. 'y

Vegethon has given me confidence that | could become a better vegetable eater. o

Vegethon has helped me understand the benefits of eating more vegetables. ’ 3

Vegethon has made me aware of how few vegetables | eat. -’

Vegethon has motivated me to try out new vegetables.

| could set a personal goal for eating vegetables better on my own than with Vegethon.

| have had a hard time remembering to use Vegethon.

Using Vegethon required too much of my time.

There has been too little training on how to use Vegethon.

Key

Overall, using Vegethon required too much of my time.

Overall, Vegethon interrupted my daily activities. A
| have found interactions with Vegethon to be boring.

Overall, Vegethon was distracting.

Positive
statements

Negative
statements

Overall, Vegethon distracted me from my work.

Discussion

Principal Findings

Thispilot study aimed to determinetheinitial efficacy and user
acceptability of amaobile app intervention designed to increase
vegetable consumption through the creative application of
behavior change theory and techniques. Twelve-week testing
indicated that Vegethon significantly increased consumption
of vegetables, including green leafy vegetables, cruciferous
vegetables, and dark yellow vegetables, in the small sample
being studied. The mobile app intervention achieved reasonably
high rates of engagement and was found to be easy and
enjoyable to use by the sample of participants. Increases in
vegetable logging observed at 9 pm support the use of push
notifications for engaging users. High usage of serving
increments “0.5” and “1.0" suggests that the availability of
half-serving (vs full serving) increments is appropriate for the
logging of individual vegetabletypes. Given theimproved health

http:/mhealth jmir.org/2016/2/e51/
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outcomes associated with increases in vegetable consumption,
thispilot study suggeststhe need for larger, longer-term studies
of Vegethon and similar technol ogies among overweight adults
and other suitable target groups.

Comparison with Prior Work

In this first-generation investigation, the mobile app produced
relatively large effect sizes, increasing overall vegetable
consumption by 7.4 servings. These effects were observed
among participants who aready had arelatively high baseline
vegetabl e consumption compared with the US national average
[14]. Theinitia effect size observed compares favorably with
that of a Web-based intervention in which vegetable and fruit
consumption increased by 4.4 servings per day, as assessed by
an FFQ [56]. The results also compare favorably with the only
other known randomized study of a mobile app targeting
vegetable consumption specificaly, which was conducted
among young adolescent girls [57]. Although the effects are
larger than those seen in previous work, it remains difficult to
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compare effect sizes given the differences in study outcome
measures, study populations, and sample sizes. The
theory-driven nature of the app [31], including goal-setting [58]
and self-monitoring behavior [37] widely acknowledged to be
critical components of behavioral mHealth interventions [59],
may have led to greater behavioral changes than observed
previously. Overall, these findings align with those found in
other investigations of mobile appsto change health behaviors,
in which acceptability and initial efficacy have been similarly
demonstrated [36].

These results warrant further investigation, as increases in
vegetable consumption may lead to changes in overall diet
composition and weight loss, even in the absence of specific
guidance to decrease consumption of other foods [60]. For
example, in a study among overweight adults by Norman et al
[61], a short message service intervention that increased
vegetable consumption led to weight loss. Such interventions
that focus on the inherent benefits of the target behavior itself
(eg, increasing vegetable consumption) may lead to more
sustained behavior changes than those focusing on longer-term
goas (eg, weight loss) [40]. Given the high and growing
preval ence of overweight in the United States[62], and the fact
that people in higher weight categories are more likely to
develop chronic diseases associated with excess weight [63],
strategiesto reduce modifiable risk factorsincluding diet among
overweight adults are needed [62,63]. This study demonstrating
theinitial efficacy of amobile app to improve diet among highly
motivated overweight adults presents one such possible strategy
that warrants further investigation.

Strengths

Among the strengths of this pilot investigation were the
theory-based development of the app that helped to ensure it
would be engaging to use for the target population as well as
the randomized controlled study design that is relatively rare
in the mHealth field, in which few technologies are evaluated
with rigorous study designs. Pilot randomized controlled trials
represent an important phase in the iterative development of
effective digital health interventions [64], particularly in the
context of the mHealth landscape where devel opers often skip
outcome eval uations altogether, threatening progressin thefield
[65]. This stand-alone mHealth app was eval uated in the context
of an intensive weight loss trial, in which consumption of
high-quality whole foods and vegetables was emphasized. The
efficacy of the app beyond the effect of the parent trial suggests
the potentially high degree of potency of the mobile app
intervention, at least during initial use. These effects may be
due to the advantages inherent to mobile phone-based
interventions, including timely feedback, personalization, and
daily interaction [18], aswell asthe theory-driven nature of the
intervention.

Limitations

Therewere several methodological limitationsto thispilot study.
The participants were concurrently enrolled in a weight loss

http:/mhealth jmir.org/2016/2/e51/
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trial and were interested in helping shape the development of
mobile technology. Generalizability of these findings to other
samples that are not enrolled in a weight loss trial and/or are
not as highly interested or motivated to use a mobile app to
increase their vegetable consumption is unknown. The loss of
4 participantsto follow-up in this short study may have resulted
from the high volume of time-intensive tasks (eg, classes, blood
draws, questionnaires) simultaneously required of participants
by the parent trial. Further studies are indicated to evaluate the
efficacy of the app among participants outside of the context of
aweight loss intervention who may respond to different types
of motivation.

As with all dietary assessment methods, there were inherent
limitationsto the adapted Harvard FFQ measurement tool used,
including reliance on self-report, which could have led to a
response bias (eg, participants randomized to the app simply
reporting greater vegetable consumption at follow-up versus
actually consuming more vegetables). Moreover, the FFQ has
been acknowledged to overestimate intakes, particularly for
foods consumed rarely and perceived as healthy (eg, vegetables)
[66,67]. Despite the high test-retest reliability of the FFQ over
time in the control condition and in measures not targeted by
the intervention (eg, bean intake), the observed effect size for
the primary outcome was notably large. Although the hypothesis
was supported, alternative explanations may include that the
use of Vegethon caused participants to become more attuned
to their vegetable consumption, more aware of the vegetables
they consumed in other foods, and/or more accurate or
exaggerated reporters of their vegetable consumption.

The small sample size of this study allowed only an imprecise
estimate of the effect size for vegetable consumption and
prevented analysis of potential mediators and moderators.
Studies in other areas have found that the effect sizes of small
initial studiesin an area often tend to be larger than those found
in subsequent larger studies[68]. A larger study isindicated to
more precisely estimate differences in vegetable consumption
and to assess mediators and moderators of observed changesin
dietary behaviors. The 12-week duration of this pilot study
provides an assessment only of short-term effects, and alonger
trial iswarranted to determine whether the observed effects are
sustained over alonger period of time.

Conclusions

The study results suggest that a theory-based mobile app may
be a feasible way to increase vegetable consumption among
adults attempting to lose weight, at |east in the short term. These
findings support the need for theory-driven mobile technol ogies
to more effectively produce improvementsin health behaviors.
Larger-scale and longer trias are necessary to fully evaluate
the potential of Vegethon and similar technologies to produce
sustained increases in vegetable intake as well as weight loss
and other associated health benefits among overweight adults.
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Abstract

Background: Electronic screening and brief intervention (eSBI) is effective in reducing weekly alcohol consumption when
delivered by a computer. Mobile phone apps demonstrate promise in delivering eSBI; however, few have been designed with an
evidence-based and user-informed approach.

Objective: This study aimsto explore from a user perspective, preferences for content, appearance, and operational featuresto
inform the design of a mobile phone app for reducing quantity and frequency of drinking in young adults engaged in harmful
drinking (18-30 year olds).

Methods: Phase 1 included a review of user reviews of available mobile phone apps that support a reduction in alcohol
consumption. Appswereidentified oniTunes and Google Play and were categorized into alcohol reduction support, entertainment,
blood a cohol content measurement (BAC), or other. eSBI apps with =18 user reviews were subject to a content analysis, which
coded praise, criticism, and recommendations for app content, functionality, and esthetics. Phase 2 included four focus groups
with young adults drinking at harmful levels and residing in South London to explore their views on existing eSBI apps and
preferences for future content, functionality, and appearance. Detailed thematic analysis of the data was undertaken.

Results: In Phase 1, of the 1584 apps extracted, 201 were categorized as acohol reduction, 154 as BAC calculators, 509 as
entertainment, and 720 as other. We classified 32 apps as eSBI apps. Four apps had =18 user reviews. Change for Life Drinks
Tracker, Drinksmeter, Drinkaware, and Alcohol Units Calculator. The highest proportion of content praises were for information
and feedback provided in the apps (12/27, 44%), followed by praise for the monitoring features (5/27, 19%). Many (8/12, 67%)
criticismswerefor thedrinking diary; all of these were related to difficulty entering drinks. Over half (18/32, 56%) of functionality
criticismswere descriptions of software bugs, and over half of those (10/18, 56%) were for app crashing or freezing. Drinksmeter
and Alcohol Units Calculator were the most highly praised apps overall (23/57 and 22/57; 39% of praise overal). In Phase 2,
two main themes were identified. The meaningful ness theme reflected how young adults thought apps needed to be tailored to
the interests and values of their age group, particularly emphasizing content and feedback around broader health and well-being
factors such as exercise, diet, and image. The community theme suggested that young adults want to be able to engage with other
app users, both in groups of friends and with online users for motivation and support.

Conclusions. Targeted and relevant information and feedback, in addition to easy-to-use monitoring tools, were found to be
important features of a mobile phone app to support a reduction in drinking. Future app development should consider tailoring
all app aspects to the needs of young adults, considering broader well-being monitoring tools and online community functions.

http://mhealth.jmir.org/2016/2/e47/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 2 |e47 | p.244
(page number not for citation purposes)


mailto:joanna.milward@kcl.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Milward et &

(JMIR mHealth uHealth 2016;4(2):e47) doi:10.2196/mhealth.5242

KEYWORDS

alcohal; drinking; young adults; mhealth; brief intervention; apps, smartphone; digital; focus group

Introduction

The Internet has been found to be an effective vehicle for the
delivery of screening and brief intervention (SBI) to reduce
alcohol consumption. Meta-analyses demonstrate electronic
SBI (eSBI) to be effective in reducing alcohol consumption by
1-2 drinks per week after 6 months compared to controls[1,2].
eSBI delivered via mobile phone, tablet, or computer can be
delivered discreetly and flexibly to large numbers of the
population in need at a competitive cost, without reliance on
the time of health care staff, with whom there are
well-recognized barriers to implementation [3,4]. Research
suggeststhat eSBI isthe preferred delivery medium for alcohol
SBI in young adults [5].

The ubiquity of maobile phones provides a further vehicle for
the delivery of eSBI viadigital apps. It isestimated that at least
76% of young people aged 15-34 own a smartphone in the
United Kingdom [6], with 77% of young people who own a
smartphone using apps, the highest among all age categories
[7]. However, nearly 90% of alcohol-related apps available to
download encourage a cohol consumption, for example through
drinking games [8], with few alcohol apps that use
evidence-based behavior change techniques (BCTs) to target
harmful acohol use[9,10].

Developing effective and engaging eSBI appsisanew challenge
for researchers. Few randomized controlled trials of alcohol
apps, as opposed to Internet-delivered SBI, have been published,
and those that have provide ambiguous evidence on their
effectiveness to reduce acohol consumption, with studies
reporting reductions, increases, and no-change in alcohol
consumption [11-13]. A major issue with app development is
sufficiently engaging the target popul ation with the app content
and features. while app usage continues to rise [14], 95% of
apps are not used more than a month after download [15].

For an app designed to support a reduction in drinking, it is
important to look to the informatics field for guidance on
developing apps. User-centered design (UCD) [16] is a
systematic app development method that focuses on the
relevance, needs, and preferences of the target user. UCD
involves consideration of the user at every stage of the design
process including iterative cycles of focus groups, prototyping,
and user testing.

Previous research has focused on alcohol apps adherence to
evidence-based guidelines or app effectiveness in reducing
drinking [9-11]. To the authors knowledge, no research has
explored the preferred content of alcohol apps from a user
perspective. The aim of this study is to determine preferences
for content, visual appearance, and operational featurestoinform
the development of an eSBI app targeting harmful drinking
young adults.

http://mhealth.jmir.org/2016/2/e47/

The specific objectives addressed by this paper were to (1)
quantitatively identify which eSBI app content, operational
features, and estheticswere highly rated, criticized, and in need
of improvement, through a content analysis of user feedback,
and (2) qualitatively identify the preferences for content,
operational features, and esthetics of young adults who drink
harmfully, through focus groups.

Methods
Phase 1

Review of User Reviews of Alcohol eSBI Apps

The Apple iOS (mobile operating system) and Google Play
platform allow usersto download apps, assign astar-rating, and
provide review comments. User reviews provide an important
source of feedback for app developers and prospective app
purchasers, typically containing positive and negative feedback
on content, functionality, and quality of the app [17,18]. These
user reviews provide a rich source of information to support
app development from auser perspective and are akey measure
of the app’s success [19].

Search Strategy and Data Extraction

Alcohol-related apps were extracted from the UK versions of
Google Play and iTunes in April and May 2015 with the
following search terms: “alcohol,” “drink less” and “reduce
drinking.” Search terms were based on those used in previous
research [9], aswell as additional terms suggested by members
of thewider a cohol research team in the Addictions Department
at King's College London. The first 200 apps for each search
term were extracted [9], which were presented in rank order.
App name, price, ranking in search results, and number of user
reviews were extracted.

Apps were considered eligible for inclusion if they were
categorized as an eSBI app and their aim were to help users
monitor and cut down their alcohol use. The objective of the
paper was to inform the development of an electronic brief
intervention for harmful drinkers; therefore, apps targeting
dependent drinkers were excluded.

In Stage 1, apps extracted from the initia search were
categorized from the description of the app provided by the
developer astargeting a cohol reduction support, blood alcohol
content (BAC) calculators, entertainment (drinking games,
cocktail recipes, bar and restaurant finders), or other (all apps
that had no content relating to acohol, eg, Candy Crush,
non-English apps, and apps for educational purposes such as
apps for mental health professionals).

In Stage 2, eSBI appswere extracted from the al cohol reduction
support category. The aim was to broadly include apps that
included SBI components such as alcohol monitoring, goal
setting, and normative feedback [20]. Apps were excluded if
they used non-evidence-based methods for alcohol
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monitoring/support/reduction such as hypnosisand magic spells,
were  targeted at dependent drinkers; were
eBooks/magazines/quotes; targeted multisubstance abuse or
drugs, targeted a specific group (such as pregnant women); or
claimed to provide alcohol therapy or counseling.

In Stage 3, apps were excluded if they duplicated across the
same platform (ie, appeared morethan onceintheinitial search
across Google Play). Duplicate apps across the two search
platforms (eg, Google Play and iTunes) were not excluded as
the user reviews are different for each platform and could be
included in analyses. Appswith no user reviewswere excluded.

Analysis of User Reviews

Each app was coded for content. A researcher downloaded the
app onto an iPhone 6 and categorized each feature targeting
alcohol monitoring and reduction support. Content analysiswas
used to code the app review content in order to create a
guantitative description of the text [21]. The coding scheme for
the user feedback review was adapted from themes identified
inapreviousreview of app user feedback, developed by Pagano
and Maalgj [22], and through pilot coding of arandom sample
of 42 app user reviews. If any new codes emerged from the
data, these were incorporated into the coding scheme. Each user
review was then independently coded by 2 reviewers (JM and
SFC) using the deductive coding scheme. The 2 coders had an
81% agreement rate across the coding categories. All
discrepancies were discussed until 100% agreement was
reached.

Phase 2
Focus Groups

Design and Setting

Focus groups were chosen as the most appropriate method of
data collection as they allow for a multiplicity of views to be
shared, developed, and discussed, as well as allowing for
consensus on atopic to be explored, which is not possible with
a one-to-one interview qualitative design. Four focus groups
were conducted at the Denmark Hill Campus of King’s College
London. Ethical approval was obtained from the University
Ethics Committee (ref. number HR14/150453).

Facilitators

Two members of the research team (WM, ZK, and RW)
facilitated each focus group. The facilitators al have a
background in delivering SBI and experience with developing
electronic hedth interventions. All facilitatorswere experienced
in conducting focus groups.

Participants

Young adults, aged 18-30 yearswho lived in South London and
scored 16+ on the alcohol use disorders identification test
(AUDIT) [23], avalidated measure of alcohol consumption and
related harm, were eligible to participate in the study.

Recruitment

Participants were recruited via paid online advertisements
through Facebook (an online social networking website) and
Gumtree (a free online classified advertising and social
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community website). The advertisements invited potential
participants to take part in a focus group that would review
different mobile phone apps available to help young adults
reduce their alcohol use and examine how they could be
improved. A link was provided on the advertisement that
accessed an online prescreening survey. Potentially eligible
participants completed the AUDIT as well as providing
information on age, contact details, and address.

All potential participantswho met theinclusion criteria, that is,
aged 18-30, living in South London, and drinking at a level
considered harmful (16+ on the AUDIT), were invited to
participate in afocus group. Participants received £30 in High
Street vouchers as compensation for their time. Travel expenses
were recompensed.

One week before the focus group, participants were asked to
download a specific eSBI app (selected from those with the
most user reviews) and useit over the course of aweek, thinking
about what they liked and disliked about the app.

Data Collection

Written informed consent was obtained before commencement
of the group. The facilitators introduced the project, outlined
the aims, and highlighted the ground rules of confidentiality
and mutual respect. Each focus group lasted for approximately
1.5 hours.

Semistructured topic guides were used to frame the group
discussion. The first half of the focus group explored what
participantsliked and disliked about the app they had reviewed.
This discussion was broadly organized by the topics of content,
functionality, esthetics, information on drinking, and how the
app could be improved. The second half of the focus group
discussed the type of features the participants might include if
they were designing their own eSBI app to help young adults
reduce their alcohol use.

Data Analysis

Focus groups were recorded and transcribed verbatim by a
professional transcription company. All datawere coded using
NVivo qualitative data analysis software (QSR International
Pty Ltd. Version 10, 2012). A detailed thematic analysis was
undertaken [24]. Both an inductive and deductive approach
were used, incorporating the major themes (codes) from the app
review aswell asany additional themes emerging from the data.
The transcripts were read through several times and coded
deductively using the coding framework from the app review
as well inductively for new themes. The codes were then
systematically organized into broader themes and subthemes
and re-examined by going back and forth between the data and
the coding framework.

Results

Phase 1: Review of User Reviewsof Alcohaol eSBI Apps

Description of Apps

Of the 1584 apps extracted in the search, 154 were categorized
asBAC calculators, 509 as entertainment apps, and 720 as other
(see Figure 1). We categorized 201 apps as targeting alcohol
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monitoring and reduction. After excluding multisubstance-use
apps, non-SBI apps, and duplicates across platforms, 37 apps
remained (32 unique apps when excluding duplicates between
platforms). Of the unique apps, 69% (22/32) were free apps.
Nineteen of the apps had one or more user reviews. The mgjority
of apps had low numbers of reviews (range 1-114, mean 18.0
reviews, SD 31.24); 74% (14/19) had 1-10 reviews, 5% 11-17
(/19) and 21% had =18 (4/19). As the user reviews were
typicaly brief, consisting of afew sentences of feedback, apps
were included that had more than or equal to the mean number
of reviews (mean 18) to provide sufficient data to conduct a
content analysis.

Four unique appswereidentified for final analysis: Drinkaware
(114 reviews); NHS Changefor Life (C4AL) Drinks Tracker (95
reviews); Drinksmeter (21 reviews), and Alcohol Units
Calculator (AUC, 18 reviews). The 18 most recent reviewswere
included, resulting in atotal of 72 individual app user reviews
for analysis. Drinksmeter had the highest user-rating out of five

Table 1. Description of app features.

Milward et &

stars overall (mean 4, SD 0.3), followed by AUC (mean 3.6,
SD 1.5), Drinkaware (mean 3.1, SD 1.30), and CAL with the
lowest (mean 1.7, SD 1.1).

The apps varied in complexity and sophistication of content
(see Table 1); however, al included at minimum a daily drinks
tracker with graphical feedback on units (except Drinksmeter,
which requested drinking level over the previous week only).
Excluding AUC, all apps provided information on drinking risk
level and recommended limits. CAL and Drinksmeter provided
tips and advice for cutting down. Drinkaware and Drinksmeter
provided feedback on calories, costs, and equivalents in
unhealthy food. Drinksmeter provided normative feedback on
weekly alcohol consumption, included arisk adjuster for mental
health, medication, and drug use as well as administering the
AUDIT and providing feedback. Drinkaware had additional
features including the option to set goals, create “weak spots’
via GPS data on the phone and information on al cohol support
services.

Feature included Drinkaware Drinksmeter AUC CaL
Drinks tracker (daily) Yes No Yes Yes
Drinks tracker (previous week) Yes Yes Yes Yes
Information on drinking risks Yes Yes No Yes
Information on guidelines Yes Yes No Yes
Information on support services Yes No No No
Advice for cutting down No Yes No Yes
Normative feedback No Yes No No
Feedback: calories, costs, food Yes Yes No No
Risk adjuster No Yes No No
AUDIT No Yes No No
Goal-setting Yes No No No
Weak spots Yes No No No
Categories subsequently coded into subcategories and then coded as either

A content analysis was performed based on the five primary
coding categories defined in Table 2. All primary codes were
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praise, criticism, or recommendation statements. A total of 194
meaning units were identified. Key findings are reported here
(see Table 3 for afull breakdown of coding).
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Figure 1. Flow diagram of apps selected for coding.

Extracted from Itunes and GooglePlay (n=1584)

Search terms:

Alcohol

Stop Drinking
Quit Drinking
Drink less
Reduce drinking

Excluded:

e  BAC calculators (n=154)

e  Entertainment (n=509)

e Unrelated to alcohol (n=650)
e Other (n=70)

Alcohol reduction/monitoring support (n=201)

Excluded:

e Alcoholism (n=83)

e Aimed at children (n=1)
e ebook/emagazine (n=4)
e Drug addiction (n=1)

e Pregnant women (n=1)
e Hypnosis (n=27)

e Magic spells (n=3)

e  Multi-substance (n=28)
e Quotes (n=2)

e Therapist (n=1)

Bl apps identified (n=37)

Duplicates removed (n=5)

Unique Bl apps (n=32)

Apps with 1 or more user review
(n=19)

2 18 reviews excluded

Drinkaware Alcohol Units Calculator Drinksmeter Cc4L

http://mhealth.jmir.org/2016/2/e47/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 2 |e47 | p.248
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 2. Description of coding categories.
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Category Categorized references, n Definition Examples

Content 60 All text relating to content and features of the  “Only improvement would beto have
app such asthedrinksdiary, graph, and informa-  theline graph over 28 daysinstead of
tion provided. just 7 days.”

Functionality 43 All text relating to operational features of the ~ “Doesn’t work properly. Can't get
app such as saving, entering, and loading data.  beyond the daily input page to see
Descriptions of software bugs. totals or goals etc”

Esthetics 7 All text relating to the visual appearance of the “Plus points—Jazzy colour
app. scheme—arguably prettier than the

earlier more functional design”

General comments 24 All text relating either praise or criticism of the “Great app”
app that was non-specific.

Other 60 All content not relating to atopic above, eg, de-  “Am a GP. Use thiswith my pa-

scriptions of app and usage patterns, who the
app would benefit, questions to other users and
developers, jokes, noise.

tients.”

Content Category: What Users Liked (Praise)

Nearly half (27/60, 45%) of references in the content category
were praise for the apps. The highest proportion (12/27, 44%)
was praise for the information and feedback provided in the
apps, followed by praise for the drinks diary features (5/27,
19%).

Drinksmeter had the highest proportion of praise referencesfor
theinformation and feedback it provided (10/12, 83% of praise
references). AUC was the most praised for its monitoring
features (10/12, 83% of praise references for monitoring).
Drinksmeter and AUC had the highest proportion of praise
references for content overall, both with 41% (11/27) of praise
references. C4L was the least praised in terms of content with
4% (1/27) of content praise references.

Content Category: What Users Disliked (Criticisms)

One-fifth of al content referenceswere criticisms (12/60, 20%).
The majority (8/12, 67%) were for the drinking diary. All of

http://mhealth.jmir.org/2016/2/e47/

these criticisms were related to difficulty entering drinks, such
as apps not providing enough brands or drink choices to enter
consumption level, limited drink size choices, limited options
to enter alcohol strength (Alcohol by Volume [ABV]), and not
being able to enter more than one drink at atime.

Drinkaware received the highest proportion of content criticisms
overall with 50% (6/12) of references. CAL received 42% (5/12)
of content criticisms and AUC 8% (1/12). Drinksmeter did not
receive any criticisms for content.

Content Category: Recommendations for | mprovement

Thirty-five percent (21/60) of content references were
recommendations. 62% (13/21) were recommendations for
improvement of the drinking diary, followed by 24% (5/21) for
the graph function (which tracks alcohol use over previous
week/month). The most frequently cited recommendationswere
for functionsto enter specific ABV vaues (4/21, 19%), followed
by being able to store favorite drinks (3/21, 14%).
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Table 3. Coding frequencies by category.
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Criticism frequency, n (%) Recommendation frequency, n (%)

Category Praise frequency, n (%)
Content (overall)

Godl setting 0(0)
Information 12 (44)
Monitoring-drinks diary 5(18)
Monitoring- graph 3(11)
Monitoring-general (praise/criticism) 4(15)
Positive reinforcement 0(0)
Reminders 1(4)
Rewards 1(4)
Tone 1(4)
Genera praise/criticism 0(0)
Total 27 (100)
Functionality (overall)

Data-entering 0(0)
Data-losing 0(0)
Data-saving 0(0)
Data-importing or exporting 0(0)
Description of bug 0(0)
Processing speed 0(0)
General praise/criticism 8 (100)
Total 8(100)
Esthetics (overall)

Color 2 (50)
Text 0(0)
General praise/criticism 2(50)
Total 4 (100)
General comments 18(100)

0(0) 1(5)
3(25) 2(10)
8(67) 13 (62)
0(0) 5 (24)
0(0) 0(0)
1(8) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
12 (100) 21 (101)
1(3) 0(0)
4(13) 0(0)
3(9 0(0)
0(0) 2 (66)
18 (56) 0(0)
3(9) 1(33)
3(9 0(0)
32 (99) 3(99)
0(0) 0(0)
1(33) 0(0)
2 (66) 0(0)
3(99) 0(0)
6 (100) 0(0)

Functionality Category: What UsersLiked (Praise) and
Didliked (Criticisms)

No users praised specific components of the functionality of
the apps. Eight unique references (100% of functionality praise
references) praised general functionality components. Due to
the small sample size, this was not examined between apps.

The mgjority of criticism references (18/32, 56%) were related
to descriptions of bugs in the software. The most commonly
criticized bugs were issues relating to the app crashing or
freezing (10/18, 56%).

Esthetics Category

Relatively few users reported on esthetics across the four apps.
There were 7 references in total; these were mostly split over
general praise comments (29%) and general criticisms (29%).

http://mhealth.jmir.org/2016/2/e47/

Most Liked and Disliked Apps

All of the praise and criticism references across the three
categories (content, functionality, and esthetics) were

aggregated.

There were 57 praise references overall (43% of all references
in total). Drinksmeter and AUC received the most praise with
40% (23/57) and 39% (22/57) respectively, followed by
Drinkaware with 14% (8/57).

Therewere 53 criticisms overall (40% of al referencesintotal).
Both Drinkaware and CAL received considerably morecriticism
(24/53, 45%, and 21/53, 39%, respectively) than Drinksmeter
and AUC (2/57, 4% and 6/57, 11%) respectively.
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Phase 2: Focus Groups With Young Adults Engaged
in Harmful Drinking

Recruitment

A total of 200 people completed the online screening survey;
117 from an advertisement placed on Gumtree, 83 via Facebook.
In total, £80 was spent on Gumtree recruitment and £100 on
Facebook recruitment. The advertisement invited anyone who
drank alcohol to participatein afocus group about mobile phone
apps for drinking reduction. Nearly three-quarters (146/200,
73.0%) werefemale. Over half (105/200, 52.5%) were employed
(full-time or part-time), 22 were unemployed (11%), and 73
were students (37%). Of these, 81 (40%) had a self-reported
score of 16 or more on the AUDIT, were between 18-30, and
lived in South London. In total, 36 eligible participants signed
up to one of the four focus groups.

Participant Characteristics

Twenty-one parti ci pants attended one of four focus groups over
a 1-month period in June-July 2015. Of the 21 participants, 18
(86%) were female, 12 (57%) were employed, 7 (33%) were
students, and 2 (10%) were unemployed. The mean AUDIT
score across the participants was 20 (SD 5.0).

App Selection

The apps were selected based on the four appsidentified in the
user app review (Drinkaware, Drinksmeter, C4L, and AUC).
Only free apps were included in the analyses. Drinkaware was
randomly selected to be reviewed twice. C4L was reviewed by
4 participants, Drinkaware by 10 participants, and Drinksmeter
by 7 participants.

http://mhealth.jmir.org/2016/2/e47/
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Young Adults’ Views on the Development of an ESBI
App to Target Harmful Drinking

Two main themes emerged from the data: the theme of
meaningfulness and the theme of community. Key findings are
reported below. See Table 4 for adetailed breakdown of themes.

M eaningfulness

The meaningful nesstheme broadly describes the opinion of the
participantsthat an approach that tailorsall content and features
to the target user is inherent to any successful eSBI app. The
“meaningfulness’ themeisdivided into three further subthemes:
information and feedback, goals, and monitoring.

Information and Feedback

The majority of participants felt that the information and
feedback provided to young adults about drinking was often
not meaningful. For example, government drinking guidelines
(eg, recommended unit consumption) and information on risk
categories (such as “high risk”) were felt to be unrealistic and
irrelevant to the participants:

WAl alsotheleves...| know it’'sthe government levels
and the medical stuff but like nobody sticks to them.
Well obviously some people do. So, you know, you
put in a couple of drinks for two nights and you're
already increasing or higher risk or something, which
is unrealistic. A normal night for normal people is
high risk, well that's not going to help me, | don't
think, because that's standard. So | think just to
monitor your drinking and stuff, fine, but | think if
you actually want to use it to cut back, just saying
you're at higher risk, well that’s meaningless because
everybody | know is.
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Table 4. Description of main themes and subthemes from focus groups.

Themes Description Subthemes 1 Description Subthemes 2 Description

Meaningfulness Appsneedtobe Risk categoriesand govern-  Young peoplefeltthat n/a n/a

designed as ment recommendations government guide-
meaningful and linesareunredisticin
tailored to light of UK drinking
young adults. cultures.

Information and feedback

Information and feedback

Information and feedback

Goals

Goals

Monitoring

Monitoring

Esthetics

Must provideinforma-
tion and feedback
whichisinteresting to
young people.

See above.

See above.

Goals should be
meaningful to young
people, focus on
short-term and long-
term health risks and
include lifestyle and
wellness goals.

See above.

Monitoring features
should include a
drinks diary and

graph.

See above.

Young people wanted
an app that was stylish
and well-designed,
with optionsto person-
alize and tailor the
look of the app. They
also requested the op-
tion to set up auser
profile.

Wellnessand lifestyle

Personalization and
tailoring

Presentation

Personalization and
tailoring

Prompts for goals

Drinks Diary

Graphs

n‘a

Young adultsareinterestedin
factors such as weight gain;
exercise; calorie and sugar
content; impact upon image;
junk food and exercise equiv-
alents; costs; physical, psycho-
logical, and social impact;
positive information; safety
tips and sober things to do.

Information and feedback
needs to be tailored to users
demographics. Users would
like to be able to set up own
information preferences.

Information needs to be suc-
cinctly displayed, not wordy,
bullet-pointed, easy to read.
Userswould like the option
of information pop-ups.

Set own goals and write per-
sonalized messages to your-
self for motivation. Personal-
ize timings and frequency.

Optionto set up remindersfor
goals at important times, eg
when on anight out.

Data should be easy to enter
including prompts and re-
minders; more choices of
brands and drinks; barcode
scanner.

Plot other health/well-being
information that isrelevant to
drinking, eg mood; costs, and
events.

n/a
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Themes Description Subthemes 1 Description Subthemes 2 Description
Community Creating anon-  Support and motivation The most successful  n/a n/a

line community way to cut down

of young people drinking iswith the

who want to re- support of other peo-

duce their ple. Thisshould bein-

drinking. tegrated into apps for

young people.
Group goals Featurethat allowsan Friends Users should be able to set
individual user tojoin goals with groups of friends.
an online group and
work towards aspecif-
ic godl, eg, “spend
less money on alco-
hol” or “have adrink-
free weekend”.
Group goals See above. Online users Users should have the option
tojoin online groups with a
dedicated goal viaagoas
“forum”.

Autonomy and privacy Groupgoalsshouldbe n/a n‘a

opt-in and users can
choose to set up pri-

vate goals only.

One reason for the information not being meaningful to the
participants was that because episodic binge-drinking among
young people is perceived as such a socially accepted and
entrenched activity, the drinking guidelines are thought to be
unachievable and conseguently not relevant to young people.

Another frequently cited reason was that the information and
feedback on risks provided by the apps was generic and not
tailored to specific target groups. Participants discussed how
important it was for information and feedback to be tailored to
them as individuals, making it more relevant to them:

| don't know how to put it. It’snot that | disagreewith
it, it'sjust that | understand that it's taken from data
over like millions of people potentially and that an
individual is very different to a million people, and
some people have a great capacity for drinking huge
amounts and being absolutely fine.

On the other hand, apps that the participants praised the most
for information and feedback (such as Drinksmeter) provided
feedback on broader lifestyle and well-being factors such as
exercise, alcohol-related weight gain, and the sugar content of
drinks:

Having something other than the units like calories
or sugar that you'reinterested in, because ‘ unit’ isn’t
really a big factor for some people, like for meit's
not something | would count or particularly are
worried about, so to use it | would need another
factor.

Thiswas acommon theme throughout the focus groups. While
participants were aware that heavy drinking put them at ahigher
risk of a variety of health problems, they also explained how,
as young people, it was difficult to relate to such long-term
health warnings. The shorter-term effects of alcohol on factors
such as lifestyle and well-being, which young people value,

http://mhealth.jmir.org/2016/2/e47/

would provide more motivation to cut down. Indeed, the effects
of alcohol on participants’ physical looks were a key factor in
making young people think about reducing their drinking:

It would say what I’m going to look likein five years,
what 1I’'m going to look like in ten years, because
people are a bit vain as well, if you play into that. If
it can show meif | drink at thislevel what I’m going
to look like because of it in five or ten years that
would probably make me cut down. That would
probably make me be a bit healthier.

While participantsdid think it necessary to provideinformation
and feedback on the negative consequences of drinking, in
particular providing more “shocking” information similar to
smoking health campaigns, the participants also reported
wanting positive information on the benefits of not drinking

Yes, so giving people positive reasons not to drink
and then negatives; like negative reasons would be:
it's bad for your health; you spend too much money.
Positive things would be: you can achieve more in
sportsin fitness; you feel more confident.

Again, this links into the concept of wellness, in that reducing
drinking is a broader lifestyle change undertaken to improve
the quality of a person’s life in a variety of ways, from being
able to exercise more, be more efficient at work, have fewer
hangovers and improve their mental and physical health.

Goals

For the participants, being able to set personalized goals that
were meaningful to them as individuals was paramount to
successful alcohal reduction. Often participants would report
that setting goals purely to reduce the number of units of acohol
consumed per week was not enough motivation for them to cut
down.
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I think then it's making it a bit more than just a
drinking app; there's not that much incentive to cut
down on drinking but when you make it more about
your whole lifestyle then you are more likely to use
it.
All participants suggested that users need to be able to set their
own goals and reminders and be able to write themselves
personalized messages for motivation. This included goals
around other issuesrelated to alcohol such ascaloriesand costs:

It'sabout creating something that people are actually
going to use, not just bored with it or annoyed with
[it], it's something that’s got to be relevant. Like
being able to set your own goals and potentially put
your own messages on it...Being able to put a
message into this app to remind me, "Just don’t have
a drink tonight because you're doing this tomorrow
and you' ve already spent ‘X’ amount this week might
be quite good."

Once again, goals linked into the concept of wellness and
lifestyle, making alcohol reduction a channel through which to
improve overall quality of life. For it to be meaningful to the
participants, they must be able to tailor their goals to their
priorities of what they want to achieve.

Monitoring

Consistently reported by participants was that al of the apps
made it difficult to enter drinks into the drinks diary. This was
typically because the appswere not designed around the drinking
habits of young people. For example one female participant,
talking about the C4L app, reported that it did not include the
types of drinks that she consumed:

| was inputting that | had had some cider and |
couldn't remember what strength it was, | knew it
was a strong cider and | don’t know if I’ ve used the
same app as you guys, ‘My Fitness Pal’ but | had a
diet and exercise app that had like actual brand
names and sizes, that would have been really useful
so that | could have just chosen Henry J Weston then
| would have known it was this brand so it was this
percentage, because | think | definitely probably
underestimated what it was.

Nearly all of the participants mentioned that the apps did not
provide reminders to enter drinks. As the majority of
participants’ drinking was done when out in pubs/bars clubs
with friends, they reported that they simply forgot to enter the
drinks throughout the night:

| used it every day but there wasn’t any prompt or
anything, so | tended to forget and then put it in the
next day.

Providing awell-designed graph to monitor alcohol consumption
was also important to participants. It was suggested that the
graph should provide additional information on well-being
factors such as costs, mood, and the option to input important
events such as birthdays to get a better understanding of their
drinking:
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Even if you put info you can kind of relate to why you
drink more; sometimes like this money, you know,
you just broke up with your boyfriend so it's really
high and, you know, things like that. Or you’ve had
loads of birthdays in that month so you keep going
out, or you're celebrating finishing uni. Oh yeah,
there could be a graph for financial... Yeah, that would
scare me.

Overall, what is demonstrated in the meaningfulness theme is
that young adults fed that the current eSBI apps available to
download do not provide the type of information or functionality
of features, which are pertinent and targeted to the needs of
young people.

Community

The second major theme was around the idea that to build a
successful app, it must engage with the wider community of
young peopletrying to cut down their drinking. Participantsfelt
that in order to have the highest chance of success of reducing
their drinking, it is paramount to have the support of other
people around them:

| use a running app and it’s a similar thing... when
| run aracetherewasalot of people that werein the
group and we all kind of supported each other, soit’s
a similar thing and it motivates you to keep using it
because you’ ve got people on there that like what you
do.

As reflected in the meaningfulness theme discussed above,
young people expressed the opinion that the most relevant
aspects to them when considering cutting down on alcohol are
broader lifestyle factors; young people want to be able to share
these personal values via social media communities:

It's about making you feel better, rather than your
alcohol use...that’s where you link it into fitness and
health and lifestyle because there’ sa massive | nter net
forum for that; people want to shout about that so |
think if you link it into that more people will actually
go on it and check what other people have done that
is healthy today, rather than what have people been
drinking today.
In addition, participants wanted a personalized program of
community support, which they could develop and manage
themselves. This ranged from being able to set up goal-based
groups with friends, to joining online groups that had similar
goalsto them:

You have everyone on there in the one community,
everyonewho joinsisautomaticallyinit, and you can
talk to everyone who you want and your friends can
joinin, and if you want to create a group you can or
if you want to add a group you can do what you do
on Facebook and like send a message or send a
request.

However, it was equally important for participants to be able
to manage this autonomously, having the option of creating
individual goals, aswell asjoining groups of their choosing:
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It depends how theindividual usesit. Likeif they want
to join all these groups, then they can, and they can
be a member of loads of things and talk to loads of
people but if they don’'t want to do that and they just
want their own personal profile and their own
personal goals and just go on there to check how
they're doing. Then they can do that so they don’t
feel pressured to spend hours on there.

The participants made it clear that they wanted to bein control
of the app, and this was reflected across the different themes.
There were aso strong opinions that anonymity and privacy
relating to online safety were essential, in that users wanted to
be ableto control which personal information was made public.
Being ableto personalize and tailor every aspect, from choosing
the type of information provided to them, setting up their own
user profiles to selecting both their goals and the way they
achieved them, whether alone or in a group were integral to a
successful app.

Discussion

Principal Findings

The aim of this paper wasto determine preferences for content,
functionality, and visual appearance for an eSBI app to help
harmful drinking young adults reduce their alcohol use. Phase
1 conducted a review of user feedback reviews on the iTunes
App and Google Play stores, examining what users praised and
criticized about eSBI apps, and recommendations for
improvement. Phase 2 conducted a series of focus groups with
young adults engaged in harmful drinking, exploring their views
on current eSBI apps, and determined optimal features,
appearance, and functionality to support them to reduce their
drinking.

User App Review

The review generated three main findings. First, the element of
€SBl apps that users praised most highly and most frequently
was information and feedback. This suggests that good quality
information and feedback is highly valued and desired by app
users. Drinksmeter, which provides information and feedback
on calories, costs, and their equivaents in unhealthy foods as
well as normative feedback on acohol consumption and arisk
adjuster for mental health, received the highest number of this
praise. This finding is consistent with the focus groups where
Drinksmeter was aso highly praised for its information and
feedback. Future apps should pay close attention to the quality
and type of information and feedback provided.

The second key finding was that users wanted a well-designed
and easy-to-use drinks diary; al of the criticism for the drinks
diary was for difficulty entering drinks, afinding that was also
reflected in the focus groups. Monitoring of acohol useis an
important BCT to support reduction and is associated with
greater effect sizesin SBI [20]. Future apps should include a
range of data input options that allow users to enter drinksin
the way that is easiest for them. Examples would be for users
to be able to store their favorite drinks, be able to enter precise
values for ABV and quantity, and have a broader selection of
brands and types of drinks.

http://mhealth.jmir.org/2016/2/e47/
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The third main finding was that what users disliked the most in
terms of functionality was apps with software bugs. The most
commonly criticized bug was for apps that crashed and froze.
This is consistent with previous research; a study of over
250,000 reviewsfrom the 20 most popular apps on the AppStore
reported that functionality issues are the most criticized feature
of an app, with app crashing being ranked number 3 of 12 [17].
An app that crashes often is likely to be deleted by the user
before any engagement with the core objective, such as alcohol
reduction, has occurred. App developers need to carefully test
and improve the functionality of apps before releasing them for
download or risk losing potential usersin need.

Weaver et a [8] identified 44 acohol reduction apps (in April
2012) and Crane et al [9] identified 91 alcohol reduction apps
(inMay 2014). Our study identified 201 apps (before exclusions)
targeting a cohol monitoring and reduction. Thiswould suggest
that the alcohol app market has risen by 350% in 3 years. The
current review did not examine adherence of apps to
evidence-based guidelines, but as previous research reports, a
large proportion of these apps are not evidence-based [8,9].
Apps endorsed and designed by health care and academic
institutions are greatly needed.

Focus Groups

Analysis of the focus group dataidentified two main themesto
consider when developing an app for young adults engaged in
harmful drinking. First, all components of the app should be
developed with the user in mind, so that the app is meaningful
to the target group. In this study, young adults reviewed four
appsthat were not tailored to specific groups. The young adults
unanimously agreed that this approach alienated them as
younger users. They felt that the information provided was often
meaningless as it did not take into account individual-level
factors such as demographic characteristics, mental and physical
health, as well as the drinking habits of young adults. Generic
risk categories, advice, and recommendations for units were
intangible to the participants, as they felt they did not consider
in a realistic way how young adults drink. This finding is
confirmed by another recently published qualitative study
reporting that drinking guidelines lacked relevance and were
felt to be unrealistic by adult drinkers [25]. In order to capture
the attention of young adults, the risks and recommendations
about drinking need to be presented in amanner that isrelevant
and meaningful to young adults; otherwise, such information
isignored. Future research needsto explore what these messages
might look like.

On the other hand, what young adults wanted was information,
goals, and guidance related to issues that were important to
them. Participants' valued the positive benefits of not drinking
such as maintaining one's physical appearance, being able to
exercise more, saving money, not putting on weight, and limiting
bad hangovers. These broader lifestyle and well-being factors,
targeted at short-term health and image improvement, were
most highly rated as providing motivation for drinking reduction.
Thiswasreflected in both the types of information and feedback
young adults preferred, and the types of drinking goals they
wanted to set for themselves. While some eSBI programs do
touch on these factors, such as providing calorie feedback, the
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current study shows how, for young adults, it needsto be at the
core of the intervention for maximum impact.

Thisresearchisconsistent with young adults' changing attitudes
towards their health. A recent report suggests that one of the
reasonsfor reductionsin drinking over thelast 10 yearsin 16-24
year olds in England is because young people have a greater
awareness of the negative risks associated with drinking al cohol
[26]. Equally, 60% of adults self-track their health data; such
as weight, diet, or exercise routine [27], highlighting the
importance of leading atechnology-supported healthy lifestyle
to the modern adult. These values were reflected in our study,
suggesting that such lifestyle factors and their link to alcohol
should be included in future eSBI apps.

The second major theme was that young adults wanted to be
able to draw on the support of others to help them drink less.
Thiswas in relation to being able to give encouragement and
motivation to other users, for example, through afeature similar
to the Newsfeed on Facebook, as well as having the option to
set up and join groups with their friends and the wider online
community to achieve joint goals. This finding is consistent
with previous research from other health care sectors. Both a
study that designed a sexua health website [28] and another
that designed an app for diabetes self-management in
adolescents [29] reported how the target group wanted to be
able to interact with and provide support to other users online.

Having a community support featureis arecognized BCT [30]
that, when delivered via an app, is a component traditional
face-to-face Bl does not provide. Thus, it has the potential to
improve the quality of the SBI intervention. Furthermore,
wanting to have an app that has the capacity to engage with the
larger network of online usersis consistent with the popularity
of social media apps, particularly among young adults [31].
Connecting online with other users is part of the fabric of
day-to-day app and Web usage for young adults, and it is
reasonabl e that any new apps should be designed with the target
group’s technology usage patternsin mind.

Limitations

This study hasanumber of limitations. Therewere surprisingly
low numbers of reviews available for alcohol eSBI apps
suggesting that generalizations beyond the current study should
be taken with caution. As thisisthe only review of itskind in
the alcohal field, the authors believe that the dataareimportant,
particularly as the results are confirmed by both previous
research and the focus group data, and can be enhanced upon
with future research. Furthermore, it was not possible to limit
the user feedback reviews to young adults; therefore, the
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opinions expressed are not specifically targeted to this age
group. Thislimitation was overcome by targeting Phase 2 only
at young adults. Only the first 18 reviews for each app were
selected to ensure the same number of reviews were coded
acrossthefour apps. Therefore, reviews of appswith morethan
18 reviews were excluded. While this may have affected the
direction of the results, the authors suggest that the reviews
coded represent the most current version of the app, and
therefore the most up-to-date reviews. Earlier reviews may have
provided feedback on obsolete issues and content. It is also
noted that asthe app market is ever expanding and transforming,
the appsreviewed represent a snapshot in time, and the opinions
expressed may have already been subject to change.

Degspite attempts to recruit a demographically representative
sample, the focus groups included more female participants.
This may have affected the direction of discussion and the
development of key themes. The AUC app (a paid app) was
excluded. This limited the range of apps reviewed, which may
have excluded important feedback from the results.
Approximately half of all participants who applied to join the
study had a self-reported score of 16 or more on the AUDIT.
This is higher than the prevalence rates of harmful drinking
reported in previous research [32]. Participants potentially
inflated their alcohol useto be able to enter the study, suggesting
that the AUDIT scores are not representative of the sample’s
true drinking level. Conversely, due to self -selection bias, the
sample may indeed have had higher drinking levels than the
genera population and therefore the preferences for content
may reflect only the opinions of harmful drinkers with higher
AUDIT scores. Additionally, only four focus groups were
conducted with atotal of 21 participants; however, the authors
agreed that saturation was reached with the data and that the
findings are transferable to other groups of young adults,
particularly those living in London, who are studying or
employed full or part-time. Asalimitation to the study overall,
aspects of esthetics of the appswere not discussed in detail, due
to the nature of the topics that arose, and it is hard to draw any
firm conclusions from the data on this aspect.

Conclusions

This paper has provided a unique contribution to the field of
€SBl by determining, from a user perspective, preferences of
young adults for app content and functionality. Good-quality,
relevant, and targeted information is paramount, as are
easy-to-use features and optionsto engage with the wider online
community. It is hoped that this research will inform the
development of future mHealth appsand increase the avail ability
of evidence-based mHealth products on the market.
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Abstract

Background: Poor nutrition and lifestyle behaviors exert detrimental effects on reproduction and health during the life course.
Therefore, lifestyle interventions during the periconceptiona period can improve fertility, pregnancy outcome, and health of
subsequent generations.

Objective: This survey investigates the compliance, usability, and initial effectiveness of the Web-based mHealth platform,
Smarter Pregnancy.

Methods: A free subscription to the mHealth platform, Smarter Pregnancy, was provided to couples contemplating pregnancy
(n=1275) or aready pregnant (n=603). After baseline identification of inadequate nutrition and lifestyle behaviors, a personal
online coaching program of 6 months was generated. Using multiple imputation and the generalized estimating equation model
with independent correlations, we estimated the changes from inadequate to adequate nutrition and lifestyle behaviors over time.

Subgroup analyses were performed for (1) overweight and obese women (body mass index [BMI] =25 kg/m?), (2) pregnant
women at the start of the program, and (3) couples.

Results: A 64.86% (1218/1878) compliance rate was observed and 54.7% (range 39.2-73.4%) of participants rated the program
usability as positive or very positive. Adequate nutrition and lifestyle behaviors at baseline were 21.57% (405/1878) for vegetable
intake, 52.61% (988/1878) for fruit intake, 85.44% (1303/1525) for folic acid use, 86.79% (1630/1878) for no tobacco use, and
64.43% (1210/1878) for no alcohol consumption. After 6 months of coaching, these lifestyle behaviorsimproved by 26.3% (95%
Cl 23.0-29.9) for vegetableintake, 38.4% (95% CI 34.5-42.5) for fruit intake, 56.3% (95% CI 48.8-63.6) for folic acid use, 35.1%
(95% Cl 29.1-41.6) for no tobacco use, and 41.9% (95% Cl 35.2-48.9) for no alcohol consumption. The program showed the
strongest effectiveness for participating couples.

Conclusions: Thisnovel Web-based mHealth platform shows high compliance and usability, and users demonstrate improvements
in nutrition and lifestyle behaviors. The next step will be further validation in randomized controlled trials and implementation.

(IMIR mHealth uHealth 2016;4(2):€53) doi:10.2196/mhealth.5197

KEYWORDS
preconception care; nutrition; lifestyle; mHealth; pregnancy

http://mhealth.jmir.org/2016/2/e53/ JMIR mHealth uHealth 2016 | val. 4 | iss. 2 |€53 | p.259
(page number not for citation purposes)


mailto:r.steegers@erasmusmc.nl
http://dx.doi.org/10.2196/mhealth.5197
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Introduction

Worldwide, more than 45 million couples are contemplating
pregnancy, of which around 22 million remain involuntarily
childless. Moreover, of the more than 360 million pregnancies
worldwide per year, at least 90 million end in miscarriage, 18
million result in congenital malformation, and 40 million result
in children small for their gestational age. These reproductive
and pregnancy failureslargely originatein the periconceptional
period, during which development and function of gametes,
embryonic organs, and the placenta are programmed [1]. Poor
periconceptional nutrition and lifestyle not only affect fertility
and pregnancy outcome, but can also derange epigenetic
programming with long-lasting health consequences [2].
Therefore, effective nutrition and lifestyle interventions in
particular during this window of time will be an investment in
healthy pregnancy and the health of current and future
generations.

Currently, the most effective preconceptional interventions
comprise weight loss, improvement of nutrition, use of folic
acid supplements, and lowering the use of tobacco [3,4].
Unfortunately, women and men contemplating pregnancy or
pregnant couples, aswell as health care professionals, are often
not aware of the detrimental effects of poor lifestyle behaviors
[5-7]. These behaviors often accumulate not only in an
individual, but also in couples, in particular anong those with
a low socioeconomic status, increasing the risk of a poor
pregnancy outcome [8,9]. Therefore, it should be the
responsibility of both health care professionals and patients to
improve inadequate nutrition and lifestyle. To this aim, we
previously devel oped and implemented a specific preconception
outpatient clinic tailored to improve nutrition and lifestyle,
which showed a 30% reduction of inadequate nutrition and
lifestyle and a 65% increased chance of ongoing pregnancy
after in vitro fertilization (IVF) treatment [6,10]. Obstacles of
lifestyle counseling as part of periconceptional (clinical) care,
however, require specia expertise and time without
reimbursement of costs.

Mobile health (mHealth) has the potential to transform health
care delivery and to overcome obstacles by providing individual,
tailored, and repeated information. Evidence is accumulating
that mobile technology can effectively improve inadequate
nutrition, lifestyle, and medication adherence [11]. Therefore,
we developed the online, device-independent, Web-based
coaching platform, Smarter Pregnancy [12]. This platform was
based on scientific evidence of effective nutrition and lifestyle
interventions, prevention and educational programs for
noncommunicable diseases [13,14], and behaviora models, as
well as our experience from the preconception outpatient clinic
[6,15]. This mHealth platform aims to empower women, men,
and health care professionals to improve inadequate nutrition
and lifestyle. It a so demonstrates the need for easily accessible,
evidence-based interventions to improve the quality and
effectiveness of periconceptional (clinical) care, the success of
reproduction and pregnancy outcomes, aswell asthe prevention
of disease during the life course [16,17].

http://mhealth.jmir.org/2016/2/e53/
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Here we investigate the compliance, usability, and initial
effectiveness of the Dutch version of this Web-based mHealth
platform on changing inadequate nutrition and lifestyle
behaviorsin prepregnant women and their partners.

Methods

Study Population

In 2012 and 2013, women and men contemplating pregnancy
or pregnant couples living in Rotterdam, the Netherlands,
visiting the Erasmus Medical Center (MC), University Medical
Center, or midwifery practicesin Rotterdam, were recruited to
the study. Recruitswereinvited to sign up for afree subscription
to the Web-based Smarter Pregnancy platform [12]. This
included 6 months of coaching on the most preval ent inadequate
nutrition and lifestyle behaviors (ie, vegetable, fruit, and alcohol
intake) or the most strongly demonstrated associations of
behaviors with fertility and pregnancy course and outcome (ie,
tobacco and folic acid supplement use).

Adequate daily intakes are defined as at least 200 grams of
vegetables and at least two pieces of fruit, a folic acid
supplement of 400 pg, and no tobacco or alcohol use[18]. Men
were screened on the same behaviors, except for folic acid
supplement use. Evaluation of the results of the baseline survey
and the four follow-up screening surveys are shown on each
participant's personal page aslifestylerisk scoresin graphsand
text, accompanied by persona advice according to
preconceptional recommendations and Dutch guidelines [18].
If aparticipant completesthefinal screening survey at 6 months,
we consider this as maximum compliance. More details are
described in the next paragraph.

Smarter Pregnancy

The coaching model developed for the Smarter Pregnancy
platform isbased on our research and expertise from thelast 25
years on the impact of nutrition and lifestyle on reproduction
as well as on pregnancy course and outcome [6,10,15,19,20].
In addition, we incorporated the following into the platform:
results from the literature, Prochaska and Diclemente’s
transtheoretical model with a focus on the readiness for
behavioral change, Bandura's social cognitive theory for
self-efficacy, and Fogg's behavior model to include triggers to
motivate and increase the ability to change [21-23]. Features of
the attitude, social influence, and self-efficacy (ASE) model for
coaching are applied; the ASE model has been frequently used
for developing health 